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The work herein was supported in part by the grant NIH-ROl-HD-35617 from the 
United States Government. The Government may have certain rights in the invention. 

FIELD OF THE INVENTION 

OK) 

£ This invention generally relates to defective NF-kB activation through loss of 

functional NF-kB Essential Modulator (NEMO). More specifically, the invention relates to 
y diagnosis and treatment in organisms with medical conditions related to defective NF-kB 
=fi Essential Modulator. 

□15 

j BACKGROUND OF THE INVENTION 

-°° Incontinentia Pigmenti (IP), or Bloch-Sulzberger Syndrome, is an X-linked dominant, 

male-lethal disorder with four classic cutaneous stages that begin in the neonatal period: 1) 

20 blisters and vesicles on an erythematous base; 2) raised pustular and verrucous cutaneous 
patches; 3) hyperpigmentation in a distinctive pattern assumed to represent lines of cell 
migration (lines of Blaschko); and 4) scarred dermal hypopigmentation and atrophy with 
absence of the hair follicles and sweat glands. The early inflammatory stages are 
accompanied by eosinophilia both in the peripheral blood and in the skin lesions. Streaks and 

25 whorls of hyperpigmentation give the condition its name and result from release of melanin 
from cells of the epidermis into the dermis, generally by 6 months of age, particularly in the 
axillae and groin. This "marble cake" hyperpigmentation fades, typically by the third decade, 
leaving superficially scarred, hairless, pale tissue as the subtle dermatologic sign in 
adulthood. IP is often associated with developmental abnormalities of the teeth, eyes, hair, 

30 and the central nervous system (reviewed in Carney, 1976; Landy, 1993; Francis, 1997). 
Dental abnormalities, typically anodontia and hypodontia, conical pegging, delayed eruption, 
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and malformed crowns with soft enamel, affect about 80% of cases (Garcia-Bravo, 1986; 
Optiz, 1981). Ophthalmologic anomalies, particularly dysplasia of retinal vessels, 
cicatrization and retinal folds, and tractional retinal detachment, affect about one-third of 
cases (Rosenfeld, 1985; Goldberg, 1993). Approximately 10-30% also manifest permanent 
5 neurological defects, such as intracranial vascular occlusions, neuronal remodeling or 
migration defects, mental retardation, hypotonia, spasticity, epilepsy, and microcephaly 
(Landy, 1993). IP females may also have partial or patchy alopecia even on the scalp, mild 
dystrophic changes in the nails, or supernumerary nipples or hypoplasia or aplasia of the 
breast, and show periungual keratotic tumours of the hands (Adeniran, 1993; Baran, 1998). 

10 At birth, the ratio of female:male offspring from known affected females is consistent 

with lethality in utero among male conceptuses (Carney, 1976). The reasons for spontaneous 
'°B male abortion (usually in the second and occasionally the third trimester) are unclear, 
m although post mortem examination of a few cases has revealed infiltration of immune cells 
% into tissues, indicating that IP may involve an immune response (Roberts, 1998). IP females 
Fl5 exhibit severely skewed (>98%) X-inactivation in white blood cells and fibroblasts resulting 
3= from loss of cells expressing the mutated X (Parrish, 1996). Elimination of defective cells is 

JlS likely to occur close to or immediately after birth rather than in utero in these tissues, since 
^ cell populations expressing both X-chromosomes can be derived from cord blood or from 
p neonatal skin (Parrish, 1996). This selective mechanism may explain both the difference in 
■ := ^0 morbidity between hemizygous males and heterozygous females and the gradual resolution of 
many of the skin signs in affected females. The cause of cell loss is unknown, although it 
coincides with the early inflammatory skin lesions. 

Linkage of the IP locus to markers in distal Xq28 (DXS52-tel) was established with 
close linkage to the gene for factor VIII (Sefiani, 1989; Smahi, 1994; Parrish, 1996; Jouet, 

25 1997) Many genes from this region have been excluded by extensive mutation screening 
(Heiss, 1999; Aradhya, 2000; Woffendin, 2000; Das, 1994). Recently, a gene intimately 
involved in inflammatory responses, NEMOAKKy, has been mapped 200kb proximal to the 
factor VIII locus (Jin, 1999). NEMO is central to the activation of the ubiquitous transcription 
factor NF-kB (Yamaoka, 1998; Rudolph, 2000). The NF-KB/Rel family of transcription 

30 factors plays a particularly important role in inflammatory and immune responses, in cellular 
stress, and in regulating apoptosis (Ghosh, 1998; Baldwin, 1996). Their activity is induced by 
a variety of different stimuli including pro-inflammatory cytokines such as interleukin- 1 (IL- 
1) and Tumour Necrosis Factor (TNF). The immediate responsiveness required of such a key 
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regulator is effected by an unique mechanism whereby NF-kB homo- or heterodimers are 
sequestered in the cytoplasm through interaction with an inhibitory molecule of the IkB 
family (three different species exist in cells: IkBci, IkB(3 and IkBs). Upon cytokine 
stimulation the IkB molecules are phosphorylated on two Ser residues, then polyubiquitinated 
5 and degraded through the ubiquitin-proteasome pathway. NF-kB is therefore free to 
translocate to the nucleus and to activate its target genes. This phosphorylation event is 
carried out by a high molecular weight, multiprotein kinase complex containing two subunits 
with kinase activity (IKKl/a and IKK2/f3) (Zandi, 1999; Mercurio, 1999). A third component 
of this complex is a 48 kDa protein with no apparent catalytic activity, called NEMO (NF-kB 
10 Essential Modulator), EKKy, or IKKAP (Yamaoka, 1998; Rothwarf, 1998; Mercurio, 1999). 
O NEMO directly interacts with the kinase subunits and is required for activation of the kinase 
complex in response to extracellular (or intracellular) stimuli: its absence results in a 
complete inhibition of NF-kB activation. 

•= Enhanced apoptosis might explain the selection against cells expressing the IP 

ft 5 mutation in affected females (Smahi et al.). In support of this notion, patient-derived cell 

O lines exhibit a high sensitivity to TNF-induced cell death. Based on these observations and 

% I the chromosomal localization of the gene in Xq28, a possible role of NEMO in IP was 

fu investigated. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 represents amplification by RT-PCR of NEMO cDNA from IP patient cell 

lines. 

Figures 2 A through 2C demonstrate genomic structure of the NEMO gene and partial 
25 restriction map (H, Hindffl; E, EcoRT). 

Figure 2 A indicates DNA fragments detected by cDNA probes of NEMO exons 2-10. 

Figure 2B illustrates a partial restriction map of the NEMO locus. 

Figure 2C is a diagram of the NEMO locus highlighting exon locations and primer 

sites. 

30 Figures 3A through 3E show genomic rearrangement in IP patients. 
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In Figure 3 A there is a Southern blot hybridized with NEMO cDNA representing 
exons 2-10 showing the appearance of novel Eco RI (2.8kb) and novel Hind III (8kb) bands 
in unrelated IP females compared to controls. 

Figure 3B demonstrates novel Eco RI and Hind III bands which appear de novo with 
the disease in sporadic cases of IP (IP44 and IP91). 

Figure 3C demonstrates long range PCR across the NEMO gene in male patient IPlm. 

Figure 3D shows diagnostic PCR in IP patients with the rearrangement. 

Figure 3E illustrates a model for IP rearrangements. 

Figures 4A through 4D demonstrate characteristic experiments for elucidating 
function and mechanism of action for NEMO. 

Figure 4A shows that the full length NEMO amino acid sequence is not detected in IP 
embryonic fibroblasts (EFs). 

Figure 4B illustrates that NF-kB is not activated in IP embryonic fibroblasts. 

Figure 4C demonstrates IkBcx degradation is defective in IP embryonic fibroblasts. 

Figure 4D shows IP embryonic fibroblasts are TNF-sensitive. 

Figures 5 A through 5D show intragenic mutations in IP families. 

Figure 5 A shows a lObp insertion in exon 2 is shown to segregate with the disease in 
family XL349 using heteroduplex analysis. The insertion causes a frameshift and mixed 
sequence in heterozygous female XL349-04. Novel amino acids due to the translational 
frameshift are shown in bold and italics. 

Figure 5B shows segregation of the lbp insertion in exon 9 in family XL203 as 
determined by heteroduplex analysis. In this case the two homoduplex bands (mutant and 
wild type) are also seen to have a different gel migration distance. 

Figure 5C shows missense mutation M407V segregates with the disease in family 72 
(+=wild type, M=M407V mutation) as determined by sequence analysis of family DNAs. 

Figure 5D shows the C to T, proline to STOP codon mutation found in exon 2 in 
family XL352. 
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SUMMARY OF THE INVENTION 



In an embodiment of the present invention is a method to detect a NF-kB related 
medical condition in an organism comprising the steps of obtaining a sample from an 
5 organism and analyzing the sample for an alteration in a nucleic acid of SEQ ID NO:l, 
wherein said alteration is associated with inactivation of NF-kB. In a specific embodiment 
the alteration is a mutation, wherein said mutation is selected from the group consisting of a 
deletion, an insertion, a point mutation and a rearrangement. In another specific embodiment 
the point mutation is selected from the group consisting of a nonsense mutation, a frameshift 
10 mutation, a missense mutation and a splicing-related mutation. In a further embodiment the 
alteration in said NF-kB Essential Modulator nucleic acid is located in a regulatory nucleic 
;:; = acid, a promoter nucleic acid, an exon, an intron, an initiator codon, a stop codon, an 
~i exon/intron junction, a 5' untranslated region, a 3' untranslated region and a combination 
j thereof. In a specific embodiment the detection of a alteration in said NF-kB Essential 
pi 5 Modulator nucleic acid is by a method selected from the group consisting of hybridization, 
^ SSCP, heteroduplex analysis, sequencing, polymerase chain reaction and electrophoresis. In 
: !3 a preferred embodiment the NF-kB related medical condition is Incontinentia Pigmenti. In 
=^ another preferred embodiment the organism is a human. In an additional preferred 
= embodiment the NF-kB related medical condition is a -kB Essential Modulator related 
;^20 medical condition. 

In an embodiment of the present invention there is a method to detect a NF-kB related 
medical condition in an organism comprising the step of detecting an alteration in a NF-kB 
Essential Modulator amino acid of SEQ ID NO:2, wherein said alteration is associated with 
inactivation of NF-kB. In a specific embodiment said alteration is an addition, deletion, or 
25 substitution of the amino acid sequence. In another specific embodiment the detection of said 
alteration is selected from the group consisting of sequencing, mass spectrometry, by 
molecular weight or with antibodies. In an additional specific embodiment the NF-kB related 
medical condition is Incontinentia Pigmenti. In an additional preferred embodiment the NF- 
kB related medical condition is a -kB Essential Modulator related medical condition. 

30 In another embodiment of the present invention there is a method to treat a NF-kB 

related medical condition in an organism comprising the step of administering to said 
organism therapeutically effective amounts of a NF-kB Essential Modulator nucleic acid of 
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SEQ ID NO:l. In a specific embodiment the administration of said nucleic acid comprises a 
vector. In another specific embodiment the vector is selected from the group consisting of a 
nucleic acid, an amino acid, a lipid, a liposome, a sugar, a carbohydrate or a combination 
thereof. In a further embodiment the nucleic acid vector is selected from the group consisting 
5 of an adenoviral vector, an adenoviral-associated vector, a retroviral vector or a combination 
thereof. In a specific embodiment the NF-kB related medical condition is selected from the 
group consisting of an apoptosis-related disease, an immune-system related disease, a blood 
vessel-related disease, a skin defect, a dental defect, osteopetrosis, an ophthamalogical defect, 
a neurological defect and Incontinentia Pigmenti. In an additional specific embodiment the 
10 NF-kB related medical condition is Incontinentia Pigmenti. 

q In an additional embodiment of the present invention there is a method to treat an 

:JJ organism with an NF-kB related medical condition comprising the step of: administering to 

J 1 ; said organism therapeutically effective amounts of a NF-kB Essential Modulator amino acid 

O of SEQ ID NO:2. In a specific embodiment the administration of said NF-kB Essential 

; q15 Modulator amino acid comprises a protein transduction domain. In another specific 

1= embodiment the protein transduction domain is the HIV TAT domain. In a specific 

5f| embodiment the NF-kB related medical condition is selected from the group consisting of an 

fy apoptosis-related disease, an immune-system related disease, a blood vessel-related disease, a 

ir: skin defect, a dental defect, osteopetrosis, an opthamalogical defect, a neurological defect and 

20 Incontinentia Pigmenti. In an additional specific embodiment the NF-kB related medical 
condition is Incontinentia Pigmenti. 

In an embodiment of the present invention there is a method to prevent a NF-kB 
related medical condition in an organism comprising the step of administering to said 
organism a NF-kB Essential Modulator nucleic acid of SEQ ID NO:l or a NF-kB Essential 

25 Modulator amino acid of SEQ ID NO:2. In specific embodiments said NF-kB related 
medical condition is Incontinentia Pigmenti and said administration occurs in utero or to an 
infant. In another specific embodiment the NF-kB related medical condition is selected from 
the group consisting of an apoptosis-related disease, an immune-system related disease, a 
blood vessel-related disease, a skin defect, a dental defect, osteopetrosis, an opthamalogical 

30 defect, a neurological defect and Incontinentia Pigmenti. 

In another embodiment of the present invention there is a method to screen in a test 
organism for a compound for the treatment of a NF-kB related medical condition, wherein 
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said test organism has an alteration in a nucleic acid of SEQ ID NO:l, wherein said alteration 
results in inactivation of NF-kB, comprising the step of administering said compound to said 
organism and assaying for an improvement in said NF-kB related medical condition. In 
specific embodiments said NF-kB related medical condition is Incontinentia Pigmenti. 

5 In another embodiment of the present invention there is a method to screen in a test 

organism for a compound for the treatment of a NF-kB related medical condition, wherein 
said test organism has an alteration in an amino acid of SEQ ID NO:2, wherein said alteration 
results in inactivation of NF-kB, comprising the step of administering said compound to said 
organism and assaying for an improvement in said NF-kB related medical condition. In 
10 specific embodiments said NF-kB related medical condition is Incontinentia Pigmenti. 

" In another embodiment of the present invention there is a composition for the 

treatment of a NF-kB related medical condition in an organism comprising a therapeutically 
= effective amount of a nucleic acid of SEQ ID NO:l or an amino acid of SEQ ID NO:2 and a 
= pharmaceutically acceptable carrier 

15 In another embodiment of the present invention there is a method to detect an 

= alteration in a nucleic acid SEQ ID NO: 1 in an organism comprising the steps of obtaining a 
y sample from the organism and analyzing the sample for the alteration. In a specific 
3 embodiment the alteration is a mutation, wherein said mutation is selected from the group 
consisting of a deletion, an insertion, a point mutation and a rearrangement. In another 
20 specific embodiment the point mutation is selected from the group consisting of a nonsense 
mutation, a frameshift mutation, a missense mutation and a splicing-related mutation. In a 
further embodiment the alteration in said NF-kB Essential Modulator nucleic acid sequence 
is located in a regulatory nucleic acid , a promoter nucleic acid, an exon, an intron, an 
initiator codon, a stop codon, an exon/intron junction, a 5' untranslated region, a 3' 
25 untranslated region and a combination thereof. In a specific embodiment the detection of a 
alteration in said NF-kB Essential Modulator nucleic acid is by a method selected from the 
group consisting of hybridization, SSCP, heteroduplex analysis, sequencing, polymerase 
chain reaction and electrophoresis. In another embodiment the organism is a human. In an 
additional embodiment the organism is a human selected from the group consisting of an 
30 affected individual, a carrier individual or a noncarrier individual. In a further embodiment 
the analyzing step further comprises a technique selected from the group consisting of PCR 
analysis and Southern blot analysis. In an additional embodiment the PCR analysis utilizes at 
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least one primer selected from the group consisting of SEQ ID NO:4, SEQ ID NO:5, SEQ ID 
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:ll, SEQ 
IDN012, SEQIDNO:13, SEQIDNO:14, SEQIDNO:15, SEQ IDNO:16, SEQ ID NO: 17, 
SEQ ID NO: 18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID 
5 NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, 
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID 
NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, 
SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO: 43, SEQ ID NO:44, SEQ ID 
NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, 
10 SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID 
NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60; and SEQ ID 
2 NO:61. In a further embodiment the PCR analysis utilizes two primers selected from the 

2 group consisting of SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
W NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:ll, SEQ ID NO 12, SEQ ID NO:13, SEQ 
%5 ID NO:14, SEQ ID NO:15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO:18, SEQ ID 

3 NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, 
O SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID 
3 y NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, 
=]j SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID 
jio NO:41, SEQ ID NO:42, SEQ ID NO: 43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, 

SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID 
NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID NO:57, 
SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID 
NO:63, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:74, 
25 SEQ ID NO:75, and fragments and derivatives thereof. 

In a specific embodiment the PCR analysis utilizes a primer SEQ ID NO:50 and a 
primer SEQ ID NO:34. 

In an additional specific embodiment the probe for the Southern analysis is a nucleic 
acid of SEQ ID NO:3, or fragments and derivatives thereof. 

30 In an embodiment of the present invention there is a method to detect an alteration in 

a nucleic acid SEQ ID NO:2 in an organism, comprising the steps of obtaining a sample from 
said organism; and analyzing said sample for said alteration. 
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In another embodiment of the present invention there is a kit for the detection of an 
alteration in a nucleic acid of SEQ ID NO:l comprising at least two primers for polymerase 
chain reaction. 

In an additional embodiment of the present invention there is a kit for the detection of 
5 an alteration in a nucleic acid of SEQ ID NO:l comprising at least two primers selected from 
the group consisting of SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO:ll, SEQ ID N012, SEQ ID NO:13, SEQ 
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID 
NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, 
10 SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID 
,= 5 NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, 
;D SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID 
1 NO:41, SEQ ID NO:42, SEQ ID NO: 43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, 
. j SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID 
=ft 5 NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID NO:57, 
T SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60; SEQ ID NO:61, SEQ ID NO:62, SEQ ID 
7 NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, 
SEQ ID NO:69, SEQ ID NO:70, SEQ ED NO:71, SEQ ID NO:72, SEQ ID NO:73, SEQ ID 
S NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77 and fragments and derivatives 
^20 thereof 

In a further embodiment of the present invention there is a nucleic acid of SEQ ID 
NO:l, and fragments and derivatives thereof. In a specific embodiment the nucleic acid 
sequence is selected from the group consisting of SEQ ID NO:4, SEQ ID NO:5, SEQ ID 
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO:ll, SEQ 

25 ID N012, SEQ ID NO:13, SEQ ID NO:14, SEQ ED NO:15, SEQ ID NO: 16, SEQ ID NO: 17, 
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID 
NO:23, SEQ ID NO:24, SEQ ED NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, 
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID 
NO:34, SEQ ID NO:35, SEQ ED NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, 

30 SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO: 43, SEQ ID NO:44, SEQ ID 
NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, 
SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID 
NO:56, SEQ ID NO:57, SEQ ED NO:58, SEQ ID NO:59, SEQ ID NO:60; SEQ ID NO:61; 



25033179.1 



9 



U.S. EXPRESS MAIL #EK102703101US 



SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:70, SEQ ID 
NO:71, SEQ ID NO:74, SEQ ID NO:75, and fragments and derivatives thereof. 

In a further embodiment of the present invention there is an amino acid selected from 
the group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:68, SEQ ID NO:69, 
5 SEQ ID NO:72, SEQ ID NO:73, SEQ ID NO:76 and SEQ ID NO:77, and fragments and 
derivatives thereof. 

In a further embodiment of the present invention there is a kit for the treatment of a 
NF-kB related medical condition in an organism comprising a therapeutically effective 
amount of a NF-kB Essential Modulator nucleic acid of SEQ ID NO:l or an amino acid of 
10 SEQ ID NO: 2 and a pharmaceutically acceptable carrier. In a specific embodiment the NF- 
O kB related medical condition is Incontinentia Pigmenti. 

Q DESCRIPTION OF THE INVENTION 

"15 It is readily apparent to one skilled in the art that various embodiments and 

™ modifications may be made to the invention disclosed in this Application without departing 
=J from the scope and spirit of the invention. 

- = As used herein the specification, "a" or "an" may mean one or more. As used herein 

in the claims, when used in conjunction with the word "comprising," the words "a" or "an" 
20 may mean one or more than one. As used herein "another" may mean at least a second or 
more. 

The term "affected individual" as used herein is defined as an individual who has at 
least one symptom of Incontinentia Pigmenti. In a specific embodiment the individual is 
homozygous for a mutation in SEQ ED NO:l. 

25 The term "apoptosis" as used herein is defined as programmed cell death. 

The term "apoptosis-related medical condition" as used herein is defined as any 
disease or undesirable state of health associated with apoptosis. 

The term "carrier individual" as used herein is defined as an individual who has an 
alteration such as a mutation in a sequence SEQ ID NO:l. In a specific embodiment the 
30 carrier individual contains a mutation but does not present any symptoms of Incontinentia 
Pigmenti. In another specific embodiment said carrier individual has a family member who 
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has at least one symptom of Incontinentia Pigment. In an additional specific embodiment the 
family member is a father, mother, brother, sister, daughter, son, grandfather, grandmother, 
aunt, uncle or cousin. In a specific embodiment the individual is a heterozygote for a 
mutation in SEQ ID NO: 1 . 

5 The term "dental defect" as used herein is defined as any abnormality or defect related 

to the teeth or gums. The deficiency may affect "baby" teeth or adult teeth, or both. 
Deficiencies include anodontia, hypodontia, conical pegging, delayed eruption, and 
malformed crowns with soft enamel. 

The term "DNA" as used herein is defined as deoxyribonucleic acid. 

10 The term "exon" as used herein is defined as a transcribed segment of a gene that is 

present in a mature messenger RNA molecule. 

5= The term "exon/intron junction" as used herein is defined as two specific nucleotide 

jif locations at which point an intronic sequence is spliced from an RNA transcript. A skilled 
=i= artisan is aware that this term is used interchangeably in the art with the term "splice site." 

-15 The term "fragments and derivatives thereof as used herein is defined as alterations 

111 of specific nucleic acid including mutations, chemical modifications, deletions or additions 
JJI which still allow the nucleic acid to function or the amino acid it encodes to function. Such 
O changes in a specific embodiment can enhance or decrease the ability of the function. 
Furthermore, subregions of said nucleic acid could also contain mutations, chemical 
20 modifications, deletions or additions which still allow said subregion to function or the amino 
acid it encodes to function. 

The term "inactivation" as used herein is defined as the loss of activity, function or 
structure, in a specific embodiment, of NF-kB. The inactivation may be complete or may be 
partial. 

25 The term "intron" as used herein is defined as a region of a gene transcribed from a 

DNA template but subsequently removed by splicing together the segments (exons) which 
flank it. 

The term "medical condition" as used herein is defined as a state of health in which at 
least one physical trait of an organism is abnormal or deficient. In a preferred embodiment 
30 the medical condition is a medical condition such as Incontinentia Pigment or the medical 
condition is the presence of a defect, such as a skin defect. 
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The term "neurological defects" as used herein is defined as any abnormality or defect 
associated with the nervous system. The defects may result in mental retardation, hypotonia 
spasticity, epilepsy and microcephaly. 

The term "NF-kB Essential Modulator related" as used herein is defined as any 
5 compound, such as a nucleic acid or amino acid, or pathway with which NF-kB Essential 
Modulator either is or is associated in any manner. This includes any component and the 
nucleic acid which encodes it that is involved in a complex with NF-kB Essential Modulator. 

The term "NF-kB related" as used herein is defined as any compound, such as a 
nucleic acid or amino acid, or pathway with which NF-kB either is or is associated with in 
10 any manner. This includes any component and the nucleic acid which encodes it that is 
S involved in a complex with NF-kB Essential Modulator. 

m The term "noncarrier individual" as used herein is defined as an individual who does 

not contain a mutation in a sequence SEQ ID NO:l. In a specific embodiment the individual 
=f= is homozygous wildtype for SEQ ID NO: 1 . 

;L15 The term "nucleic acid chip technology" as used herein is defined as the method of 

yj immobilizing nucleic acid on a microchip for subsequent hybridization analysis. 

fly The term "ophthalmologic defect" as used herein is defined as any abnormality or 

i2 defect related to the eye or eyes including and related diseases. Deficiencies may include 
dysplasia of retinal vessels, cicatrization and retina folds and fractional detachment. 

20 The term "pharmaceutically acceptable carrier" as used herein is defined as a 

molecular entity and/or composition that does not produce an adverse, allergic and/or other 
undesirable reaction when administered to an organism. 

The term "polymerase chain reaction" (PCR) is well known in the art and includes the 
method of amplifying a nucleic acid sequence utilizing two oligonucleotide primers and a 
25 thermostable nucleic acid polymerase. 

The term "primer," as used herein, is meant to encompass any nucleic acid that is 
capable of priming the synthesis of a nascent nucleic acid in a template-dependent process. 

The term "reverse transcription-polymerase chain reaction" as used herein is defined 
as the polymerization of a DNA molecule using an RNA molecule as a template for the 
30 purpose of utilizing said DNA molecule as a template for PCR. 
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The term "RNA" as used herein is defined as ribonucleic acid. 

The term "splicing" as used herein is defined as a means of removing intron 
sequences within a primary RNA transcript in processing of said transcript to a mature 
messenger RNA. 

5 The term "skin defect" as used herein is defined as any abnormality or defect related 

to the skin or epidermis. Deficiencies may include skin lesions, hyperpigmentation, 
hypopigmention, atrophy, and absence of the sweat glands or hair follicles. 

The term "suicide gene" as used herein is defined as a gene whose gene product is 
lethal to a cell upon exposure to a prodrug. 
; J0 The term "therapeutically effective" as used herein is defined as the amount of a 

ifl compound required to improve some symptom associated with a disease or medical 
m condition. For example, in the treatment of neurodevelopmental disease, a compound which 
S decreases, prevents, delays, or arrests any symptom of the disease would be therapeutically 
-P effective. A therapeutically effective amount of a compound is not required to cure a disease 
==""1 5 but will provide a treatment for a disease. 

!H The term "treatment" as used herein is defined as the management of a patient 

1=1 through medical or surgical means. The treatment improves or alleviates at least one 
S symptom of a medical condition or disease and is not required to provide a cure. 

The term 3' untranslated region (3' UTR) as used herein is defined as the sequence at 
20 the- 3' end of a messenger RNA which does not become translated into protein and can 
include regulatory sequences and sequences important for posttranscriptional processing. 

The term "transcribe" as used herein is defined as the process of generating an RNA 
transcript molecule using DNA as a template. 

The term "transcript" as used herein is defined as an RNA molecule which has been 
25 transcribed from DNA. 

The term "X-linked inactivation" as used herein is defined as the inactivation through 
repression of genes located on the X chromosome in somatic cells of female mammals. 

30 It is an object of the present invention to provide a method to detect a NF-kB related 

medical condition in an organism comprising the step of obtaining a sample in an organism 
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and analyzing the sample for an alteration in a NF-kB Essential Modulator nucleic acid 
sequence of SEQ ID NO:l, wherein said alteration results in inactivation of NF-kB. The 
inventors have developed genomic and flanking sequence for the NEMO gene, shown that it 
is mutated in cases of humans with Incontinentia pigmenti and developed a polymerase chain 
reaction-based and Southern analysis-based diagnostic tests for mutations in NEMO. It is 
preferred that the sequence used for screening of patients is the full genomic and flanking 
sequence, SEQ ID NO:l. The amino acid sequence of NEMO is SEQ ID NO:2, and the 
cDNA sequence is SEQ ID NO:3. 

The examples presented herein illustrate the first evidence of the NF-kB pathway 
associated with a medical condition. One skilled in the art in light of the present invention is 
made aware herein of the relationship between a NF-kB related medical condition and an 
alteration such as a mutation or mutations in a NF-kB Essential Modulator (NEMO) nucleic 
acid sequence which are responsible for said medical condition. Furthermore, a skilled 
artisan is aware that the invention addresses a mutation which is deleterious to the function of 
the NF-kB amino acid sequence. Multiple mutations may be present or may be required to 
be deleterious. In a specific embodiment the molecular defect is a chromosomal 
rearrangement as described in the Examples herein. It is within the scope of the present 
invention to include a sequence of SEQ ID NO:l which has a mutation that does not affect 
the function of a polypeptide which it encodes. 

A mutation, or alteration, may be any change in a DNA sequence including 
rearrangement, deletion, insertion, point mutation (substituting one base) or any other kind of 
unnatural alteration to a nucleic acid. A point mutation can be a nonsense, frameshift, 
missense or splicing mutations. Deletion herein includes a truncation of the sequence. 
Alterations herein include additions of a sequence. A mutation can reside in the regulatory 
sequence of a gene, which can include an enhancer sequence, promoter sequences or cis 
sequences which bind transacting factors. Mutations in the regulatory sequence may be point 
mutations, deletion, rearrangement or insertion. Transacting factors for said regulatory 
sequences may be of a general nature in function or may be specific to said gene. Many 
types of transacting factors maybe associated, including transcriptional factors or repressors. 
A mutation in the regulatory region of a gene might affect post-transcriptional processing. 
For example, incorrect capping of the transcript could lead to aberrant subcellular 
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localization. In a specific embodiment, another mutation which might affect regulation of the 
NEMO gene is through X-linked inactivation in which the normal pattern of repression in 
transcription of the gene on the X chromosome has been disrupted, either partially or 
completely. A mutation may also occur in an exon, an intron, an exon/intron junction or a 3' 
untranslated region (UTR). A mutation occurring in an exon/intron junction could affect 
either the donor site or the acceptor site, or multiple mutations can affect both and as a result 
would cause defective splicing of the ribonucleic acid. A skilled artisan would be aware that 
a deficiency in splicing could cause retention of intronic sequences in the mature messenger 
RNA allowing translation to proceed into intron sequences, which would likely lead to a 
nonsense codon which would generate a truncated protein. 

A mutation in a 3' UTR could affect regulatory sequences present which could be 
associated with mRNA degradation, mRNA stability, subcellular localization, post- 
transcriptional processing or translation. Said mutation could also affect poly-(A) 
adenylation sites leading to a loss of polyadenylation or ectopic polyadenylation sites. 
Alternative polyadenylation in the 3' UTR of NEMO results in a variety of transcripts, some 
of which are differentially expressed in the human brain (D'Esposito, et al., 1996 and Coy et 
al., 1999). Mutations could affect localization of the different sized transcripts and could lead 
to aberrant phenotypes. 

Mutations of nucleic acid sequence can be nonsense, missense, frameshift, insertion, 
deletion, rearrangement or a combination thereof of one or more base pairs. Mutations could 
lead to a truncated protein, could alter the conformation of the protein or could directly affect 
an amino acid required for function of the protein. An alteration which produces no 
deleterious effects on the function or structure of the protein and produces no detectable 
phenotype is not the focus of the present invention. 

A skilled artisan is aware that a single polymorphism can alter mRNA folding (Shen 
et al., 1999), which can affect how it interacts with factors which regulate mRNA processing 
stability or translation. In a specific embodiment of the present invention a NEMO nucleic 
acid sequence contains such a mutation. 

A mutation or mutations in a NEMO nucleic acid sequence can be detected in a 
variety of methods known to those in the art including by sequencing, probe, nucleic acid 
hybridization, PCR, SSCP, heteroduplex analysis, nucleic acid chip hybridization, 
electrophoresis, or fluorescent in situ hybridization (FISH). Sequencing methods are 
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common laboratory procedures known to many in the art and would be able to detect the 
exact nature of the mutation. In addition, mutation could be detected by probe. For instance, 
one skilled in the art would be aware that a fluorescent tag could be specific for binding of a 
mutation and could be exposed to, for instance, glass beads coated with nucleic acids 
5 containing potential mutations. Upon binding of the tag to the mutation in question, a change 
in fluorescence (such as creation of fluorescence, increase in intensity, or partial or complete 
quenching) could be indicative of the presence of that mutation. Nucleic acid hybridization 
including southerns or northerns could be utilized to detect mutations such as those involved 
in alteration of large regions of the sequence or of those involved in alteration of a sequence 
10 containing a restriction endonuclease site. Hybridization is detected by a variety of ways 
including radioactivity, color change, light emission, or fluorescence. PCR could also be 
Tg used to amplify a region suspected to contain a mutation and the resulting amplified region 
""i' could either be subjected to sequencing or to restriction digestion analysis in the event that 
W mutation was responsible for creating or removing a restriction endonuclease site. The 
ji5 mutation could be identified through an RNA species from the gene by RT-PCR methods 
^ which are well known in the art. One skilled in the art would also know that a specific 
O method of nucleic acid hybridization could be utilized in the form of nucleic acid chip 
lij hybridization in which nucleic acids are present on a immobilized surface such as a 
;J: microchip or microchips and are subjected to hybridization techniques sensitive enough to 
H20 detect minor changes in sequences; a variety of detection methods could be used including 
light emission, fluorescence, color change, or radioactivity. Electrophoresis could detect 
mutations of the sequence either by mobility changes or in conjunction with another method 
of detecting a mutation such as with sequencing or by PCR. Finally, one skilled in the art 
would be aware that FISH is a proficient technique of detecting large regions of sequences on 
25 chromosomes which have been deleted or rearranged. 

In a specific embodiment there is a method to detect a mutation in a nucleic acid. As 
described in Ropp and Thorp, 1999, a modified base 8-oxoguanine undergoes oxidation at 
different rates depending on which base it pairs with. Thus, a skilled artisan is aware that 
minute differences in sequence among DNA strands may be detected using electrochemical 
30 techniques. In a specific embodiment the described method is performed in microtiter plates 
and can screen multiple samples for a single nucleotide polymorphism. 

Nucleic Acid Detection 

In addition to their use in directing the expression of NEMO proteins, polypeptides 
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and/or peptides, the nucleic acid sequences disclosed herein have a variety of other uses. For 
example, they have utility as probes or primers for embodiments involving nucleic acid 
hybridization or polymerization. 



5 Hybridization 

The use of a probe or primer of between 13 and 100 nucleotides, preferably between 17 
and 100 nucleotides in length, or in some aspects of the invention up to 1-2 kilobases or more in 
length, allows the formation of a duplex molecule that is both stable and selective. Molecules 
having complementary sequences over contiguous stretches greater than 20 bases in length are 
10 generally preferred, to increase stability and/or selectivity of the hybrid molecules obtained. One 
will generally prefer to design nucleic acid molecules for hybridization having one or more 
5 complementary sequences of 20 to 30 nucleotides, or even longer where desired. Such 
JJ= fragments may be readily prepared, for example, by directly synthesizing the fragment by 
W chemical means or by introducing selected sequences into recombinant vectors for recombinant 
Jj5 production. 

^ Accordingly, the nucleotide sequences of the invention may be used for their ability to 

O selectively form duplex molecules with complementary stretches of DNAs and/or RNAs or to 
provide primers for amplification of DNA or RNA from samples. Depending on the application 

JJS envisioned, one would desire to employ varying conditions of hybridization to achieve varying 

H20 degrees of selectivity of the probe or primers for the target sequence. 

For applications requiring high selectivity, one will typically desire to employ relatively 
high stringency conditions to form the hybrids. For example, relatively low salt and/or high 
temperature conditions, such as provided by about 0.02 M to about 0.10 M NaCl at temperatures 
of about 50°C to about 70°C. Such high stringency conditions tolerate little, if any, mismatch 
25 between the probe or primers and the template or target strand and would be particularly suitable 
for isolating specific genes or for detecting specific mRNA transcripts. It is generally 
appreciated that conditions can be rendered more stringent by the addition of increasing amounts 
of formamide. 

30 For certain applications, for example, site-directed mutagenesis, it is appreciated that 

lower stringency conditions are preferred. Under these conditions, hybridization may occur 
even though the sequences of the hybridizing strands are not perfectly complementary, but are 
mismatched at one or more positions. Conditions may be rendered less stringent by increasing 
salt concentration and/or decreasing temperature. For example, a medium stringency condition 



25033179.1 



17 



U.S. EXPRESS MAIL #EK102703101US 



could be provided by about 0.1 to 0.25 M NaCl at temperatures of about 37°C to about 55°C, 
while a low stringency condition could be provided by about 0.15 M to about 0.9 M salt, at 
temperatures ranging from about 20°C to about 55°C. Hybridization conditions can be readily 
manipulated depending on the desired results. 
5 In other embodiments, hybridization may be achieved under conditions of, for example, 

50 raM Tris-HCl (pH 8.3), 75 mM KC1, 3 mM MgCl 2 , 1.0 raM dithiothreitol, at temperatures 
between approximately 20°C to about 37°C. Other hybridization conditions utilized could 
include approximately 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 1.5 mM MgCl 2 , at temperatures 
ranging from approximately 40°C to about 72°C. 
10 In certain embodiments, it will be advantageous to employ nucleic acids of defined 

sequences of the present invention in combination with an appropriate means, such as a label, 
for determining hybridization. A wide variety of appropriate indicator means are known in the 
: ^ art, including fluorescent, radioactive, enzymatic or other ligands, such as avidin/biotin, which 
- J are capable of being detected. In preferred embodiments, one may desire to employ a 
3.5 fluorescent label or an enzyme tag such as urease, alkaline phosphatase or peroxidase, instead of 
^ radioactive or other environmentally undesirable reagents. In the case of enzyme tags, 
colorimetric indicator substrates are known that can be employed to provide a detection means 
that is visibly or spectrophotometrically detectable, to identify specific hybridization with 
; :? complementary nucleic acid containing samples. 

=4>0 In general, it is envisioned that the probes or primers described herein will be useful 

for detection of mutations in NEMO, as reagents in solution hybridization, as in PCR™, for 
detection of expression of corresponding genes, as well as in embodiments employing a solid 
phase. In embodiments involving a solid phase, the test DNA (or RNA) is adsorbed or 
otherwise affixed to a selected matrix or surface. This fixed, single-stranded nucleic acid is 
25 then subjected to hybridization with selected probes under desired conditions. The conditions 
selected will depend on the particular circumstances (depending, for example, on the G+C 
content, type of target nucleic acid, source of nucleic acid, size of hybridization probe, etc.). 
Optimization of hybridization conditions for the particular application of interest is well 
known to those of skill in the art. After washing of the hybridized molecules to remove non- 
30 specifically bound probe molecules, hybridization is detected, and/or quantified, by 
determining the amount of bound label. Representative solid phase hybridization methods 
are disclosed in U.S. Patent Nos. 5,843,663, 5,900,481 and 5,919,626. Other methods of 
hybridization that may be used in the practice of the present invention are disclosed in U.S. 
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Patent Nos. 5,849,481, 5,849,486 and 5,851,772. The relevant portions of these and other 
references identified in this section of the Specification are incorporated herein by reference. 

Amplification of Nucleic Acids 

5 Nucleic acids used as a template for amplification may be isolated from cells, tissues 

or other samples according to standard methodologies (Sambrook etal, 1989). In certain 
embodiments, analysis is performed on whole cell or tissue homogenates or biological fluid 
samples without substantial purification of the template nucleic acid. The nucleic acid may 
be genomic DNA or fractionated or whole cell RNA. Where RNA is used, it may be desired 
10 to first convert the RNA to a complementary DNA. 

ifl The term "primer," as used herein, is meant to encompass any nucleic acid that is 

m capable of priming the synthesis of a nascent nucleic acid in a template-dependent process. 
S Typically, primers are oligonucleotides from about ten to twenty and/or thirty base pairs in 
41 5 length, but longer sequences can be employed. Primers may be provided in double-stranded 
7 and/or single-stranded form, although the single-stranded form is preferred. 
!~ Pairs of primers designed to selectively hybridize to nucleic acids corresponding to 

§U NEMO are contacted with the template nucleic acid under conditions that permit selective 
O hybridization. Depending upon the desired application, high stringency hybridization 
= =l 20 conditions may be selected that will only allow hybridization to sequences that are 
completely complementary to the primers. In other embodiments, hybridization may occur 
under reduced stringency to allow for amplification of nucleic acids contain one or more 
mismatches with the primer sequences. Once hybridized, the template-primer complex is 
contacted with one or more enzymes that facilitate template-dependent nucleic acid synthesis. 
25 Multiple rounds of amplification, also referred to as "cycles," are conducted until a sufficient 
amount of amplification product is produced. 

The amplification product may be detected or quantified. In certain applications, the 
detection may be performed by visual means. Alternatively, the detection may involve 
indirect identification of the product via chemiluminescence, radioactive scintigraphy of 
30 incorporated radiolabel or fluorescent label or even via a system using electrical and/or 
thermal impulse signals (Affymax technology; Bellus, 1994). 

A number of template dependent processes are available to amplify the 
oligonucleotide sequences present in a given template sample. One of the best known 
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amplification methods is the polymerase chain reaction (referred to as PCR™) which is 
described in detail in U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159, and in Innis et 
al, 1990, each of which is incorporated herein by reference in their entirety. 

A reverse transcriptase PCR™ amplification procedure may be performed to quantify 
5 the amount of mRNA amplified. Methods of reverse transcribing RNA into cDNA are well 
known and described in Sambrook et al, 1989. Alternative methods for reverse transcription 
utilize thermostable DNA polymerases. These methods are described in WO 90/07641. 
Polymerase chain reaction methodologies are well known in the art. Representative methods 
of RT-PCR are described in U.S. Patent No. 5,882,864. 
10 Another method for amplification is ligase chain reaction ("LCR"), disclosed in 

European Application No. 320 308, incorporated herein by reference in its entirety. U.S. 
Patent 4,883,750 describes a method similar to LCR for binding probe pairs to a target 
% sequence. A method based on PCR™ and oligonucleotide ligase assy (OLA), disclosed in 
.J U.S. Patent 5,912,148, may also be used. 

35 Alternative methods for amplification of target nucleic acid sequences that may be 

;J used in the practice of the present invention are disclosed in U.S. Patent Nos. 5,843,650, 
3 5,846,709, 5,846,783, 5,849,546, 5,849,497, 5,849,547, 5,858,652, 5,866,366, 5,916,776, 
5,922,574, 5,928,905, 5,928,906, 5,932,451, 5,935,825, 5,939,291 and 5,942,391, GB 
i Application No. 2 202 328, and in PCT Application No. PCT/US89/01025, each of which is 
. 20 incorporated herein by reference in its entirety. 

Qbeta Replicase, described in PCT Application No. PCT/US87/00880, may also be 
used as an amplification method in the present invention. In this method, a replicative 
sequence of RNA that has a region complementary to that of a target is added to a sample in 

25 the presence of an RNA polymerase. The polymerase will copy the replicative sequence 
which may then be detected. 

An isothermal amplification method, in which restriction endonucleases and ligases 
are used to achieve the amplification of target molecules that contain nucleotide 5'-[alpha- 
thio]-triphosphates in one strand of a restriction site may also be useful in the amplification of 

30 nucleic acids in the present invention (Walker et al, 1992). Strand Displacement 
Amplification (SDA), disclosed in U.S. Patent No. 5,916,779, is another method of carrying 
out isothermal amplification of nucleic acids which involves multiple rounds of strand 
displacement and synthesis, i.e., nick translation. 
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Other nucleic acid amplification procedures include transcription-based amplification 
systems (TAS), including nucleic acid sequence based amplification (NASBA) and 3SR 
(Kwoh et al, 1989; Gingeras et al, PCT Application WO 88/10315, incorporated herein by 
5 reference in their entirety). Davey et al, European Application No. 329 822 disclose a 
nucleic acid amplification process involving cyclically synthesizing single-stranded RNA 
("ssRNA"), ssDNA, and double-stranded DNA (dsDNA), which may be used in accordance 
with the present invention. 

10 Miller et al, PCT Application WO 89/06700 (incorporated herein by reference 

;== in its entirety) disclose a nucleic acid sequence amplification scheme based on the 
iO hybridization of a promoter region/primer sequence to a target single-stranded DNA 
S ("ssDNA") followed by transcription of many RNA copies of the sequence. This scheme is 
12 not cyclic, i.e., new templates are not produced from the resultant RNA transcripts. Other 
fi.5 amplification methods include "race" and "one-sided PCR" (Frohman, 1990; Ohara et al, 
1989). 

m Detection of Nucleic Acids 

p Following any amplification, it may be desirable to separate the amplification product 

20 from the template and/or the excess primer. In one embodiment, amplification products are 
separated by agarose, agarose-acrylamide or polyacrylamide gel electrophoresis using 
standard methods (Sambrook et al, 1989). Separated amplification products may be cut out 
and eluted from the gel for further manipulation. Using low melting point agarose gels, the 
separated band may be removed by heating the gel, followed by extraction of the nucleic 
25 acid. 

Separation of nucleic acids may also be effected by chromatographic techniques 
known in art. There are many kinds of chromatography which may be used in the practice of 
the present invention, including adsorption, partition, ion-exchange, hydroxylapatite, 
molecular sieve, reverse-phase, column, paper, thin-layer, and gas chromatography as well as 
30 HPLC. 

In certain embodiments, the amplification products are visualized. A typical 
visualization method involves staining of a gel with ethidium bromide and visualization of 
bands under UV light. Alternatively, if the amplification products are integrally labeled with 
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radio- or fluorometrically-labeled nucleotides, the separated amplification products can be 
exposed to x-ray film or visualized under the appropriate excitatory spectra. 

In one embodiment, following separation of amplification products, a labeled nucleic 
acid probe is brought into contact with the amplified marker sequence. The probe preferably 
5 is conjugated to a chromophore but may be radiolabeled. In another embodiment, the probe 
is conjugated to a binding partner, such as an antibody or biotin, or another binding partner 
carrying a detectable moiety. 

In particular embodiments, detection is by Southern blotting and hybridization with a 
labeled probe. The techniques involved in Southern blotting are well known to those of skill 
10 in the art. See Sambrook etal, 1989. One example of the foregoing is described in U.S. 
Patent No. 5,279,721, incorporated by reference herein, which discloses an apparatus and 
•2 method for the automated electrophoresis and transfer of nucleic acids. The apparatus 
:i: permits electrophoresis and blotting without external manipulation of the gel and is ideally 
y suited to carrying out methods according to the present invention. 
15 

• |J Other methods of nucleic acid detection that may be used in the practice of the instant 

O invention are disclosed in U.S. Patent Nos. 5,840,873, 5,843,640, 5,843,651, 5,846,708, 
-! 5,846,717, 5,846,726, 5,846,729, 5,849,487, 5,853,990, 5,853,992, 5,853,993, 5,856,092, 
■~i 5,861,244, 5,863,732, 5,863,753, 5,866,331, 5,905,024, 5,910,407, 5,912,124, 5,912,145, 
M20 5,919,630, 5,925,517, 5,928,862, 5,928,869, 5,929,227, 5,932,413 and 5,935,791, each of 
which is incorporated herein by reference. 

Other Assays 

Other methods for genetic screening may be used within the scope of the present 
25 invention, for example, to detect mutations in genomic DNA, cDNA and/or RNA samples. 
Methods used to detect point mutations include denaturing gradient gel electrophoresis 
("DGGE"), restriction fragment length polymorphism analysis ("RFLP"), chemical or 
enzymatic cleavage methods, direct sequencing of target regions amplified by PCR™ (see 
above), single-strand conformation polymorphism analysis ("SSCP") and other methods well 
30 known in the art. 

One method of screening for point mutations is based on RNase cleavage of base pair 
mismatches in RNA/DNA or RNA/RNA heteroduplexes. As used herein, the term 
"mismatch" is defined as a region of one or more unpaired or mispaired nucleotides in a 
double-stranded RNA/RNA, RNA/DNA or DNA/DNA molecule. This definition thus 
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includes mismatches due to insertion/deletion mutations, as well as single or multiple base 
point mutations. 

U.S. Patent No. 4,946,773 describes an RNaseA mismatch cleavage assay that 
involves annealing single-stranded DNA or RNA test samples to an RNA probe, and 
5 subsequent treatment of the nucleic acid duplexes with RNase A. For the detection of 
mismatches, the single-stranded products of the RNaseA treatment, electrophoretically 
separated according to size, are compared to similarly treated control duplexes. Samples 
containing smaller fragments (cleavage products) not seen in the control duplex are scored as 
positive. 

10 Other investigators have described the use of RNase I in mismatch assays. The use of 

RNase I for mismatch detection is described in literature from Promega Biotech. Promega 
■ r markets a kit containing RNase I that is reported to cleave three out of four known 
Ji? mismatches. Others have described using the MutS protein or other DNA-repair enzymes for 
yj detection of single-base mismatches. 

3.5 Alternative methods for detection of deletion, insertion or substitution mutations that 

y may be used in the practice of the present invention are disclosed in U.S. Patent Nos. 
□ 5,849,483, 5,851,770, 5,866,337, 5,925,525 and 5,928,870, each of which is incorporated 
lij herein by reference in its entirety. 

:~20 Kits 

All the essential materials and/or reagents required for detecting NEMO in a sample 
may be assembled together in a kit. This generally will comprise a probe or primers designed 
to hybridize specifically to individual nucleic acids of interest in the practice of the present 
invention, including NEMO. Also included may be enzymes suitable for amplifying nucleic 
25 acids, including various polymerases (reverse transcriptase, Taq, etc.), deoxynucleotides and 
buffers to provide the necessary reaction mixture for amplification. Such kits may also 
include enzymes and other reagents suitable for detection of specific nucleic acids or 
amplification products. Such kits generally will comprise, in suitable means, distinct 
containers for each individual reagent or enzyme as well as for each probe or primer pair. 



25033179.1 



23 



U.S. EXPRESS MAIL #EK102703101US 



Nucleic Acid Based Expression Systems 
Vectors 

The term "vector" is used to refer to a carrier nucleic acid molecule into which a 
nucleic acid sequence can be inserted for introduction into a cell where it can be replicated. 
5 A nucleic acid sequence can be '"exogenous," which means that it is foreign to the cell into 
which the vector is being introduced or that the sequence is homologous to a sequence in the 
cell but in a position within the host cell nucleic acid in which the sequence is ordinarily not 
found. Vectors include plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant 
viruses), and artificial chromosomes (e.g., YACs). One of skill in the art would be well 
10 equipped to construct a vector through standard recombinant techniques, which are described 
O in Maniatis et al. , 1 988 and Ausubel et al, 1 994, both incorporated herein by reference. 
=2 The term "expression vector" refers to a vector containing a nucleic acid sequence 

r I coding for at least part of a gene product capable of being transcribed. In some cases, RNA 
□ molecules are then translated into a protein, polypeptide, or peptide. In other cases, these 
Ji5 sequences are not translated, for example, in the production of antisense molecules or 
ribozymes. Expression vectors can contain a variety of "control sequences," which refer to 
^ nucleic acid sequences necessary for the transcription and possibly translation of an operably 
j linked coding sequence in a particular host organism. In addition to control sequences that 
rJ govern transcription and translation, vectors and expression vectors may contain nucleic acid 
20 sequences that serve other functions as well and are described infra. 

Promoters and Enhancers 

A "promoter" is a control sequence that is a region of a nucleic acid sequence at 
which initiation and rate of transcription are controlled. It may contain genetic elements at 

25 which regulatory proteins and molecules may bind such as RNA polymerase and other 
transcription factors. The phrases "operatively positioned," "operatively linked," "under 
control," and "under transcriptional control" mean that a promoter is in a correct functional 
location and/or orientation in relation to a nucleic acid sequence to control transcriptional 
initiation and/or expression of that sequence. A promoter may or may not be used in 

30 conjunction with an "enhancer," which refers to a cis-acting regulatory sequence involved in 
the transcriptional activation of a nucleic acid sequence. 
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A promoter may be one naturally associated with a gene or sequence, as may be 
obtained by isolating the 5' non-coding sequences located upstream of the coding segment 
and/or exon. Such a promoter can be referred to as "endogenous." Similarly, an enhancer 
may be one naturally associated with a nucleic acid sequence, located either downstream or 
5 upstream of that sequence. Alternatively, certain advantages will be gained by positioning 
the coding nucleic acid segment under the control of a recombinant or heterologous promoter, 
which refers to a promoter that is not normally associated with a nucleic acid sequence in its 
natural environment. A recombinant or heterologous enhancer refers also to an enhancer not 
normally associated with a nucleic acid sequence in its natural environment. Such promoters 
10 or enhancers may include promoters or enhancers of other genes, and promoters or enhancers 
isolated from any other prokaryotic, viral, or eukaryotic cell, and promoters or enhancers not 
m "naturally occurring," i.e., containing different elements of different transcriptional 
S regulatory regions, and/or mutations that alter expression. In addition to producing nucleic 
W acid sequences of promoters and enhancers synthetically, sequences may be produced using 
35 recombinant cloning and/or nucleic acid amplification technology, including PCR™, in 
m connection with the compositions disclosed herein (see U.S. Patent 4,683,202, U.S. Patent 
O 5,928,906, each incorporated herein by reference). Furthermore, it is contemplated the 
n \ control sequences that direct transcription and/or expression of sequences within non-nuclear 
?j= organelles such as mitochondria, chloroplasts, and the like, can be employed as well, 
fio Naturally, it will be important to employ a promoter and/or enhancer that effectively 

directs the expression of the DNA segment in the cell type, organelle, and organism chosen 
for expression. Those of skill in the art of molecular biology generally know the use of 
promoters, enhancers, and cell type combinations for protein expression, for example, see 
Sambrook et al (1989), incorporated herein by reference. The promoters employed may be 
25 constitutive, tissue-specific, inducible, and/or useful under the appropriate conditions to 
direct high level expression of the introduced DNA segment, such as is advantageous in the 
large-scale production of recombinant proteins and/or peptides. The promoter may be 
heterologous or endogenous. 

The identity of tissue-specific promoters or elements, as well as assays to characterize 
30 their activity, is well known to those of skill in the art. Examples of such regions include the 
human LIMK2 gene (Nomoto et al. 1999), the somatostatin receptor 2 gene (Kraus et al, 
1998), murine epididymal retinoic acid-binding gene (Lareyre et al, 1999), human CD4 
(Zhao-Emonet et al, 1998), mouse alpha2 (XI) collagen (Tsumaki, et al, 1998), D1A 
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dopamine receptor gene (Lee, et al, 1997), insulin-like growth factor II (Wu et al, 1997), 
human platelet endothelial cell adhesion molecule- 1 (Almendro et al, 1996). 

Initiation Signals and Internal Ribosome Binding Sites 

5 A specific initiation signal also may be required for efficient translation of coding 

sequences. These signals include the ATG initiation codon or adjacent sequences. 
Exogenous translational control signals, including the ATG initiation codon, may need to be 
provided. One of ordinary skill in the art would readily be capable of determining this and 
providing the necessary signals. It is well known that the initiation codon must be "in-frame" 
10 with the reading frame of the desired coding sequence to ensure translation of the entire 
insert. The exogenous translational control signals and initiation codons can be either natural 
or synthetic. The efficiency of expression may be enhanced by the inclusion of appropriate 
'ji transcription enhancer elements. 

yj In certain embodiments of the invention, the use of internal ribosome entry sites 

t=L5 (IRES) elements are used to create multigene, or polycistronic, messages. IRES elements are 
kU able to bypass the ribosome scanning model of 5' methylated Cap dependent translation and 
Q begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES elements from two 
m members of the picornavirus family (polio and encephalomyocarditis) have been described 
Ji? (Pelletier and Sonenberg, 1988), as well an IRES from a mammalian message (Macejak and 
f=€0 Sarnow, 1991). IRES elements can be linked to heterologous open reading frames. Multiple 
open reading frames can be transcribed together, each separated by an IRES, creating 
polycistronic messages. By virtue of the IRES element, each open reading frame is 
accessible to ribosomes for efficient translation. Multiple genes can be efficiently expressed 
using a single promoter/enhancer to transcribe a single message (see U.S. Patent 5,925,565 
25 and 5,935,819, herein incorporated by reference). 

Multiple Cloning Sites 

Vectors can include a multiple cloning site (MCS), which is a nucleic acid region that 
contains multiple restriction enzyme sites, any of which can be used in conjunction with 
30 standard recombinant technology to digest the vector. (See Carbonelli et al, 1999, Levenson 
et al, 1998, and Cocea, 1997, incorporated herein by reference.) "Restriction enzyme 
digestion" refers to catalytic cleavage of a nucleic acid molecule with an enzyme that 
functions only at specific locations in a nucleic acid molecule. Many of these restriction 
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enzymes are commercially available. Use of such enzymes is widely understood by those of 
skill in the art. Frequently, a vector is linearized or fragmented using a restriction enzyme 
that cuts within the MCS to enable exogenous sequences to be ligated to the vector. 
"Ligation" refers to the process of forming phosphodiester bonds between two nucleic acid 
5 fragments, which may or may not be contiguous with each other. Techniques involving 
restriction enzymes and ligation reactions are well known to those of skill in the art of 
recombinant technology. 

Splicing Sites 

10 Most transcribed eukaryotic RNA molecules will undergo RNA splicing to remove 

introns from the primary transcripts. Vectors containing genomic eukaryotic sequences may 
^ require donor and/or acceptor splicing sites to ensure proper processing of the transcript for 
52 protein expression. (See Chandler et al, 1997, herein incorporated by reference.) 

3 5 Polyadenylation Signals 

14=1 In expression, one will typically include a polyadenylation signal to effect proper 

Q polyadenylation of the transcript. The nature of the polyadenylation signal is not believed to 
n \ be crucial to the successful practice of the invention, and/or any such sequence may be 
™ employed. Preferred embodiments include the SV40 polyadenylation signal and/or the 
1=20 bovine growth hormone polyadenylation signal, convenient and/or known to function well in 
various target cells. Also contemplated as an element of the expression cassette is a 
transcriptional termination site. These elements can serve to enhance message levels and/or 
to minimize read through from the cassette into other sequences. 

25 Origins of Replication 

In order to propagate a vector in a host cell, it may contain one or more origins of 
replication sites (often termed "ori"), which is a specific nucleic acid sequence at which 
replication is initiated. Alternatively an autonomously replicating sequence (ARS) can be 
employed if the host cell is yeast. 

30 

Selectable and Screenable Markers 

In certain embodiments of the invention, the cells contain nucleic acid construct of the 
present invention, a cell may be identified in vitro or in vivo by including a marker in the 
expression vector. Such markers would confer an identifiable change to the cell permitting 
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easy identification of cells containing the expression vector. Generally, a selectable marker is 
one that confers a property that allows for selection. A positive selectable marker is one in 
which the presence of the marker allows for its selection, while a negative selectable marker 
is one in which its presence prevents its selection. An example of a positive selectable 
5 marker is a drug resistance marker. 

Usually the inclusion of a drug selection marker aids in the cloning and identification 
of transformants, for example, genes that confer resistance to neomycin, puromycin, 
hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers. In addition to 
markers conferring a phenotype that allows for the discrimination of transformants based on 
10 the implementation of conditions, other types of markers including screenable markers such 
as GFP, whose basis is colorimetric analysis, are also contemplated. Alternatively, 
screenable enzymes such as herpes simplex virus thymidine kinase (tk) or chloramphenicol 
ffl acetyltransferase (CAT) may be utilized. One of skill in the art would also know how to 
Id employ immunologic markers, possibly in conjunction with FACS analysis. The marker used 
ll5 is not believed to be important, so long as it is capable of being expressed simultaneously 
•B with the nucleic acid encoding a gene product. Further examples of selectable and screenable 
□ markers are well known to one of skill in the art. 

J Host Cells 

Jo As used herein, the terms "cell," "cell line," and "cell culture" may be used 

interchangeably. All of these term also include their progeny, which is any and all 
subsequent generations. It is understood that all progeny may not be identical due to 
deliberate or inadvertent mutations. In the context of expressing a heterologous nucleic acid 
sequence, "host cell" refers to a prokaryotic or eukaryotic cell, and it includes any 

25 transformable organisms that is capable of replicating a vector and/or expressing a 
heterologous gene encoded by a vector. A host cell can, and has been, used as a recipient for 
vectors. A host cell may be "transfected" or "transformed," which refers to a process by 
which exogenous nucleic acid is transferred or introduced into the host cell. A transformed 
cell includes the primary subject cell and its progeny. 

30 Host cells may be derived from prokaryotes or eukaryotes, depending upon whether 

the desired result is replication of the vector or expression of part or all of the vector-encoded 
nucleic acid sequences. Numerous cell lines and cultures are available for use as a host cell, 
and they can be obtained through the American Type Culture Collection (ATCC), which is an 
organization that serves as an archive for living cultures and genetic materials 
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(www.atcc.org). An appropriate host can be determined by one of skill in the art based on the 
vector backbone and the desired result. A plasmid or cosmid, for example, can be introduced 
into a prokaryote host cell for replication of many vectors. Bacterial cells used as host cells 
for vector replication and/or expression include DH5oc, JM109, and KC8, as well as a number 
5 of commercially available bacterial hosts such as SURE® Competent Cells and Solopack™ 
Gold Cells (Stratagene®, La Jolla). Alternatively, bacterial cells such as E. coli LE392 
could be used as host cells for phage viruses. 

Examples of eukaryotic host cells for replication and/or expression of a vector include 
HeLa, NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC 12. Many host cells from various cell 
10 types and organisms are available and would be known to one of skill in the art. Similarly, a 
viral vector may be used in conjunction with either a eukaryotic or prokaryotic host cell, 
=5 particularly one that is permissive for replication or expression of the vector. 
■% Some vectors may employ control sequences that allow it to be replicated and/or 

W expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further 
3 5 understand the conditions under which to incubate all of the above described host cells to 
maintain them and to permit replication of a vector. Also understood and known are 
O techniques and conditions that would allow large-scale production of vectors, as well as 
-j production of the nucleic acids encoded by vectors and their cognate polypeptides, proteins, 
^ or peptides. 

H20 

Expression Systems 

Numerous expression systems exist that comprise at least a part or all of the 
compositions discussed above. Prokaryote- and/or eukaryote-based systems can be employed 
for use with the present invention to produce nucleic acid sequences, or their cognate 
25 polypeptides, proteins and peptides. Many such systems are commercially and widely 
available. 

The insect cell/baculovirus system can produce a high level of protein expression of a 
heterologous nucleic acid segment, such as described in U.S. Patent No. 5,871,986, 
4,879,236, both herein incorporated by reference, and which can be bought, for example, 
30 under the name MaxBac® 2.0 from Invitrogen® and BacPack™ Baculovirus 
Expression System From Clontech®. 

Other examples of expression systems include Stratagene®'s Complete 
Control™ Inducible Mammalian Expression System, which involves a synthetic ecdysone- 
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inducible receptor, or its pET Expression System, an E. coli expression system. Another 
example of an inducible expression system is available from INVITROGEN®, which carries the 
T-Rex™ (tetracycline-regulated expression) System, an inducible mammalian expression 
system that uses the full-length CMV promoter. Invitrogen® also provides a yeast 
5 expression system called the Pichia methanolica Expression System, which is designed for 
high-level production of recombinant proteins in the methylotrophic yeast Pichia 
methanolica. One of skill in the art would know how to express a vector, such as an 
expression construct, to produce a nucleic acid sequence or its cognate polypeptide, protein, 
or peptide. 

10 

In another object of the present invention there is a method to detect a NF-kB related 
^13 medical condition in an organism comprising the steps of obtaining a sample from the 
m organism, and analyzing the sample for an alteration in SEQ ID NO:2, wherein said alteration 
% results in inactivation of NF-kB. One skilled in the art is aware that alterations can be 
= §5 detected in the NEMO protein through the following methods: sequencing, mass 
spectrometry, by molecular weight or with antibodies. Examples of alterations include a 
change, loss, or addition of an amino acid, truncation or fragmentation of the protein. 
[H Alterations can increase degradation of the protein, can change conformation of the protein, 
O or can be present in a hydrophobic or hydrophilic domain of the protein. The alteration need 
r "20 not be in an active site of the protein to have a deleterious effect on its function or structure, 
or both. Alteration can include modifications to the protein such as phosphorylation, 
myristilation, acetylation, or methylation. Sequencing of the protein or a fragment thereof 
directly by methods well known in the art would identify specific amino acid alterations. 
Alterations in protein sequences can be detected by analyzing either the entire protein or 
25 fragments of the protein and subjecting them to mass spectrometry, which would be able to 
detect even minor changes in molecular weight. Additionally, antibodies can be used to 
detect mutations in said proteins if the epitope includes the particular site which has been 
mutated. Antibodies can be used to detect mutations in the amino acid sequence by 
immunoblotting, with in situ methods, or by immunoprecipitation. Antibodies to a NEMO 
30 amino acid sequence on immunoblots may alternatively recognize any epitope of the amino 
acid sequence and could detect truncations or modifications of the protein which would affect 
electrophoretic mobility, including phosphorylation or myristilation. Another method of 
identifying a mutation in a NEMO amino acid sequence is through the analysis of its 
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subcellular localization. A sequence of SEQ ID NO:2 which contains an alteration that does 
not alter the function of the amino acid sequence is within the scope of the present invention. 

The presence of a mutation in a NEMO amino acid sequence may be inferred by the 
phenotype(s) which occurs either directly or indirectly as a result of such a mutation. A 
5 skilled artisan is aware that ideally a routine method for detection of a mutation in a nucleic 
acid or an alteration of an amino acid in a NF-kB related medical condition would preferably 
be rapid, repeatable and/or easy to perform. 

It is another object of the present invention to provide a method to treat an organism 
with an NF-kB related medical condition comprising the step of administering to said 
10 organism a NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l. It is within 
Q the scope of the present invention to include multiple administrations of a sequence of SEQ 
IB ID NO:l to treat the medical condition. In a specific embodiment the vector is selected from 
Z\ the group consisting of a nucleic acid, an amino acid sequence, a lipid, a liposome, a 
y carbohydrate, a sugar, and a combination thereof. 

"H5 It is another object of the present invention to provide a method to treat an organism 

O with an NF-kB related medical condition comprising the step of administering to said 
fU organism a NF-kB Essential Modulator amino acid sequence of SEQ ID NO:2. It is within 
the scope of the present invention to include multiple administrations of a sequence of SEQ 
^ ID NO:2 to treat the medical condition. 

20 It is yet another object of the present invention to provide a method to treat an 

apoptosis-related medical condition comprising the step of administering to said organism a 
NF-kB Essential Modulator amino acid sequence of SEQ ID NO:2. During development in 
an organism and particularly in an organ, such as an eye or the brain, cells migrate in the 
developing embryo and eventually become no longer necessary. At this point, apoptosis 

25 occurs in these cells. However, there are many different medical conditions in which 
apoptosis is related to the mechanism of the medical condition, such as when apoptosis 
occurs during a premature state of development or occurs in an ectopic region. Alternatively, 
apoptosis may occur at a later than normal time in development or not at all. A skilled artisan 
is taught by the present invention that there is a method of administering a NF-kB Essential 

30 Modulator nucleic acid or amino acid sequence to an organism which has such an apoptosis 
defect. Apoptosis defects in an organism with Incontinentia Pigmenti can lead to defects in 
the retina or the brain. 
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It is an additional object of the present invention to provide a method to treat an 
organism with a neurological defect comprising the step of administering to said organism a 
NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l or an amino acid 
sequence of SEQ ID NO:2. Malformations of the brain can lead to seizure disorders. Some 
5 disorders that create seizures in an infant are related to failure of the brain to form normally 
due to a defect in the NF-kB pathway or a failure of cells to regress due to the pathway 
defect. Neural migratory defects may occur in a NF-kB related medical condition. Nerve 
cells normally form and migrate, upon which newer layers of cells migrate through older 
layers of cells. The medical condition may be related to failure of the newer cells to migrate 
10 or related to the failure of the older cells to regress or to vascular occlusions or obliterations. 
Microcephaly may be present as the result of small brain development, which is related to 
=fl nerve development and migration. A medical condition may be related both to apoptosis and 
a neurological defect, such as has been recently reported regarding motor neuron death 
^ through caspase-mediated apoptosis (Li et al., 2000). Thus, the methods of the present 
,115 invention are directed to treatments for neurological defects associated with a loss of 
^ activation of NF-kB comprising the step of administering to an organism a NF-kB Essential 
Modulator nucleic acid sequence of SEQ ID NO:l or an amino acid sequence of SEQ ID 
.4 NO:2. 

O It is an additional object of the present invention to provide a method to treat an 

' 20 organism with an ophthalmological defect comprising the step of administering to said 
organism a NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l or an amino 
acid sequence of SEQ ID NO:2. In the retina, defects may be related to proliferation of blood 
vessels, which is deleterious to sight. In an embodiment of the present invention there is a 
treatment for this overgrowth by correcting or improving for aberrant activation of NF-kB. 
25 An example of a retinal medical condition which is associated with defects of the NF-kB 
pathway is retinopathy of prematurity. Proliferative vasculopathies (abnormal proliferation 
of blood vessels of the retina) are defective in such a medical condition. During growth of 
the embryo blood vessels develop and grow, cells migrate and proliferate. In the third 
trimester this becomes disrupted because upon birth, infants with this medical condition have 
30 not developed completely mature retinas. The defect in a medical condition associated with 
NF-kB activation may be associated with cataracts, small eye, or may be the result of retinal 
detachment, all of which may be related to massive overgrowth of blood vessels due to loss 
of activation of the NF-kB pathway. Thus, the methods of the present invention are directed 
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to alleviating such a condition by providing treatment by administering a NF-kB Essential 
Modulator nucleic acid sequence of SEQ ID NO:l or an amino acid sequence of SEQ ID 
NO:2. 

It is an additional object of the present invention to provide a method to treat an 
5 organism with an immune system defect comprising the step of administering to said 
organism a NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l or an amino 
acid sequence of SEQ ID NO:2. As taught herein, the loss of a functional NF-kB pathway 
results in immune system related medical conditions. For instance, organisms have a 
completely or partially impaired capability to fight infectious medical conditions such as 
10 bacterial infections. In patients with a NF-kB related medical condition such as Incontinentia 
111 Pigmenti, there is an extreme proliferation of eosinophils (specialized white blood cells) 
which become infiltrated in the skin and increase to significant levels in the blood (for 
F! example, from 1-2% to 35-45% in infants affected with Incontinentia Pigmenti). This 
p suggests this pathway is associated with allergic or immune systems in an organism with a 
~~M5 characteristic, being the trigger or release of an event related to a significant deleterious 
^ change in the immune/protection system of bone marrow. 

J It is an additional object of the present invention to provide a method to treat an 

I u organism with a blood vessel medical condition comprising the step of administering to said 
il organism a NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l or an amino 
20 acid sequence of SEQ ID NO:2. As taught herein, the loss of a functional NF-kB pathway 
results in alterations in blood vessels. In an embodiment of the present invention the blood 
vessel defects are associated with the retina, the brain or skin. Organisms with defects in 
blood vessels of the brain not only affect nervous tissue, but strokes may develop in these 
patients. 

25 In another object of the present invention there is a method to treat an organism with a 

dental defect comprising the step of administering to said organism a NF-kB Essential 
Modulator nucleic acid sequence of SEQ ID NO:l or an amino acid sequence of SEQ ID 
NO:2. As taught herein, the loss of a functional NF-kB pathway results in dental defects. 
Organisms may be missing teeth, have soft teeth, abnormally shaped teeth, widely spaced 

3 0 teeth or an abnormal number of teeth. 

In another object of the present invention there is a method to treat an organism with 
osteopetrosis comprising the step of administering to said organism a NF-kB Essential 
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Modulator nucleic acid sequence of SEQ ID NO:l or an amino acid sequence of SEQ ID 
NO:2. As taught herein, the loss of a functional NF-kB pathway results in defective bone 
development. Osteopetrosis results from defective resorption of immature bone. 
Osteosclerosis, sometimes termed osteopetrosis, is a feature of pycnodysostosis. 

5 In another object of the present invention there is a method to treat an organism with a 

skin defect comprising the step of administering to said organism a NF-kB Essential 
Modulator nucleic acid sequence of SEQ ID NO: 1 or an amino acid sequence of SEQ ID 
NO:2. As taught herein, the loss of a functional NF-kB pathway results in skin defects, such 
as linear and reticular skin changes described elsewhere herein. An organism may exhibit 
10 hypomelanosis of Ito, although some features are similar to those of classic Incontinentia 
0 Pigmenti, the differences are sufficient to establish it as a separate disorder. The disorder is 
;jf characterized by unilateral or bilateral macular hypopigmented whorls, streaks, and patches 
P which are described as the 'negative pattern' of the hyperpigmented lesions of Incontinentia 
S Pigmenti. Abnormalities of the eyes and the musculoskeletal and central nervous systems 
%5 occur in some (Jelinek et al., 1973). Neurologic impairment can be quite severe with 
- hemimegalencephaly and/or migration disorders. Fujino et al. (1995) presented 
% neuropathologic findings of a severely affected Japanese girl who succumbed at 13 months. 

There was brachycephaly and micropolygyria with disarrayed cortical lamination with nerve 
O cells in the white matter demonstrable histologically, suggesting a migration defect during 
s ~20 maturation. Ogino et al. (1994) presented neurophysiologic studies in 3 affected children that 
illustrated great variability of central nervous system involvement. One patient presented with 
the West syndrome and had an asymmetric hypsarrhythmia. The second patient had only mild 
mental retardation and minimal EEG abnormalities, whereas the third patient was 
neurologically normal. 

25 It is an object of the present invention to provide a method to prevent a NF-kB related 

medical condition in an organism, comprising the step of administering to the organism a 
nucleic acid sequence of SEQ ID NO:l. In a preferred embodiment of the present invention, 
the administration occurs in utero by methods well known to one of skill in the art. It is an 
object of the present invention to provide a method to prevent a NF-kB related medical 

30 condition in an organism, comprising the step of administering to the organism a nucleic acid 
sequence of SEQ ID NO:2. In a preferred embodiment of the present invention, the 
administration occurs in utero by methods well known to one of skill in the art. 
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It is an object of the present invention to provide a method to screen an organism for a 
compound for the treatment of a NF-kB related medical condition, wherein said organism has 
an alteration in a sequence of SEQ ID NO:l, wherein said alteration results in inactivation of 
NF-kB comprising the step of administering said compound to said organism and assaying 
5 for an improvement in said NF-kB related medical condition. It is an object of the present 
invention to provide a method to screen an organism for a compound for the treatment of a 
NF-kB related medical condition, wherein said organism has an alteration in a sequence of 
SEQ ID NO:2, wherein said alteration results in inactivation of NF-kB comprising the step of 
administering said compound to said organism and assaying for an improvement in said NF- 
10 kB related medical condition. In a preferred embodiment the medical condition is 
,:=== Incontinentia Pigmenti. An improvement of the medical condition is herein defined as the 
'*B bringing to a better state of at least one symptom of the medical condition. 

fl It is an object of the present invention to provide a compound for the treatment of a 

O NF-kB related medical condition in an organism, such as Incontinentia Pigmenti, comprising 
dJ5 a NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l or a NF-kB Essential 
q Modulator amino acid sequence of SEQ ID NO:2. 

ru In another embodiment of the present invention there is a method to screen an 

organism for a compound for the treatment of a NF-kB related medical condition, wherein 

M 1 said organism has an alteration in a sequence of SEQ ID NO: 1 , wherein said alteration results 
20 in inactivation of NF-kB, comprising the step of administering said compound to said 
organism and assaying for an improvement in said NF-kB related medical condition. 

It is an object of the present invention to provide a composition for the treatment of a 
NF-kB related medical condition in an organism comprising a therapeutically effective 
amount of a NF-kB Essential Modulator nucleic acid sequence of SEQ ID NO:l or a NF-kB 
25 Essential Modulator amino acid sequence of SEQ ID NO:2, and a pharmaceutically 
acceptable carrier. In a specific object the NF-kB related medical condition is Incontinentia 
Pigmenti. 

Dosage and Formulation 

30 The compounds (active ingredients) of this invention can be formulated and 

administered to treat a NF-kB related medical condition by any means that produces contact 
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of the active ingredient with the agent's site of action in the body of a vertebrate. They can be 
administered by any conventional means available for use in conjunction with 
pharmaceuticals, either as individual therapeutic active ingredients or in a combination of 
therapeutic active ingredients. They can be administered alone, but are generally 
5 administered with a pharmaceutical carrier selected on the basis of the chosen route of 
administration and standard pharmaceutical practice. 

The dosage administered will be a therapeutically effective amount of active 
ingredient and will, of course, vary depending upon known factors such as the 
pharmacodynamic characteristics of the particular active ingredient and its mode and route of 
10 administration; age, sex, health and weight of the recipient; nature and extent of symptoms; 
kind of concurrent treatment, frequency of treatment and the effect desired. It is preferred to 
ifi have the active ingredient, regardless of its nature, to be stable. Multiple administrations of a 
S sequence of SEQ ID NO: 1 or SEQ ID NO:2 are within the scope of the present invention and 
;ff are a specific embodiment. 

jj5 The active ingredient can be administered orally in solid dosage forms such as 

"I capsules, tablets and powders, or in liquid dosage forms such as elixirs, syrups, emulsions 
01 and suspensions. The active ingredient can also be formulated for administration parenterally 
;rj by injection, rapid infusion, nasopharyngeal absorption or dermoabsorption. The agent may 
O be administered intramuscularly, intravenously, subcutaneously, transdermally or as a 
20 suppository. 

Gelatin capsules contain the active ingredient and powdered carriers such as lactose, 
sucrose, marmitol, starch, cellulose derivatives, magnesium stearate, stearic acid, and the like. 
Similar diluents can be used to make compressed tablets. Both tablets and capsules can be 
manufactured as sustained release products to provide for continuous release of medication 

25 over a period of hours. Compressed tablets can be sugar coated or film coated to mask any 
unpleasant taste and protect the tablet from the atmosphere, or enteric coated for selective 
disintegration in the gastrointestinal tract. 

Liquid dosage forms for oral administration can contain coloring and flavoring to 
increase patient acceptance. 

30 In general, water, a suitable oil, saline, aqueous dextrose (glucose), and related sugar 

solutions and glycols such as propylene glycol or polyethylene glycols are suitable carriers 
for parenteral solutions. Solutions for parenteral administration contain preferably a water 
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soluble salt of the active ingredient, suitable stabilizing agents and, if necessary, buffer 
substances. Antioxidizing agents such as sodium bisulfate, sodium sulfite or ascorbic acid, 
either alone or combined, are suitable stabilizing agents. Also used are citric acid and its salts 
and sodium Ethylenediaminetetraacetic acid (EDTA). In addition, parenteral solutions can 
5 contain preservatives such as benzalkonium chloride, methyl- or propyl-paraben and 
chlorobutanol. Suitable pharmaceutical carriers are described in Remington's Pharmaceutical 
Sciences, a standard reference text in this field. 

Additionally, standard pharmaceutical methods can be employed to control the 
duration of action. These are well known in the art and include control release preparations 
10 and can include appropriate macromolecules, for example polymers, polyesters, polyamino 
acids, polyvinyl, pyrolidone, ethylenevinylacetate, methyl cellulose, carboxymethyl cellulose 
'■D or protamine sulfate. The concentration of macromolecules as well as the methods of 
ift incorporation can be adjusted in order to control release. Additionally, the agent can be 
t incorporated into particles of polymeric materials such as polyesters, polyamino acids, 
ft 5 hydrogels, poly (lactic acid) or ethylenevinylacetate copolymers. In addition to being 
incorporated, these agents can also be used to trap the compound in microcapsules. 

yl Useful pharmaceutical dosage forms for administration of the compounds of this 

5=51 invention can be illustrated as follows. Pharmacological ranges for the active ingredients can 
}3 be determined by the skilled artisan using methods well known in the art. 
20 Capsules: Capsules are prepared by filling standard two-piece hard gelatin capsulates 

each with powdered active ingredient, 175 milligrams of lactose, 24 milligrams of talc and 6 
milligrams magnesium stearate. 

Soft Gelatin Capsules: A mixture of active ingredient in soybean oil is prepared and 
injected by means of a positive displacement pump into gelatin to form soft gelatin capsules 
25 containing the active ingredient. The capsules are then washed and dried. 

Tablets: Tablets are prepared by conventional procedures so that the dosage unit 
contains the suggested amount of active ingredient, 0.2 milligrams of colloidal silicon 
dioxide, 5 milligrams of magnesium stearate, 275 milligrams of microcrystalline cellulose, 11 
milligrams of cornstarch and 98.8 milligrams of lactose. Appropriate coatings may be 
30 applied to increase palatability or to delay absorption. 
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Injectable: A parenteral composition suitable for administration by injection is 
prepared by stirring 1.5% by weight of active ingredients in 10% by volume propylene glycol 
and water. The solution is made isotonic with sodium chloride and sterilized. 

Suspension: An aqueous suspension is prepared for oral administration so that each 5 
5 millileters contains the suggested amount of finely divided active ingredient, 200 milligrams 
of sodium carboxymethyl cellulose, 5 milligrams of sodium benzoate, 1.0 grams of sorbitol 
solution U.S. P. and 0.025 millileters of vanillin. 

Accordingly, the pharmaceutical composition of the present invention may be 
delivered via various routes and to various sites in an animal body to achieve a particular 
10 effect. One skilled in the art will recognize that although more than one route can be used for 
Q administration, a particular route can provide a more immediate and more effective reaction 
J= than another route. Local or systemic delivery can be accomplished by administration 
^ comprising application or instillation of the formulation into body cavities, inhalation or 
O insufflation of an aerosol, or by parenteral introduction, comprising intramuscular, 
1l5 intravenous, peritoneal, subcutaneous, intradermal, as well as topical administration. 

J=3 The composition of the present invention can be provided in unit dosage form 

wherein each dosage unit, e.g., a teaspoonful, tablet, solution, or suppository, contains a 
iTJ predetermined amount of the composition, alone or in appropriate combination with other 
'[Z active agents. The term "unit dosage form" as used herein refers to physically discrete units 
20 suitable as unitary dosages for human and animal subjects, each unit containing a 
predetermined quantity of the compositions of the present invention, alone or in combination 
with other active agents, calculated in an amount sufficient to produce the desired effect, in 
association with a pharmaceutically acceptable diluent, carrier, or vehicle, where appropriate. 
The specifications for the unit dosage forms of the present invention depend on the particular 
25 effect to be achieved and the particular pharmacodynamics associated with the 
pharmaceutical composition in the particular host. 

These methods described herein are by no means all-inclusive, and further methods to 
suit the specific application will be apparent to the ordinary skilled artisan. Moreover, the 
effective amount of the compositions can be further approximated through analogy to 
30 compounds known to exert the desired effect. 

In a specific embodiment a drug may be transported to a target by utilizing carbonic 
anhydrase inhibitor (CAT) which contains a polar group such as a carboxyl group, as 
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described in Kehayova et al., 1999. The carboxyl group renders the composition dissolvable 
in water, however, upon exposure to light the bond linking the CAI to the carboxyl mask 
breaks, allowing the remaining portion to be soluble in a hydrophobic environment. 

In certain embodiments, the use of lipid formulations and/or nanocapsules is 
5 contemplated for the introduction of a NF-kB Essential Modulator nucleic acid, polypeptides, 
peptides and/or agents, and/or gene therapy vectors, including both wild-type and/or 
antisense vectors, into host cells. 

Nanocapsules can generally entrap compounds in a stable and/or reproducible way. 
To avoid side effects due to intracellular polymeric overloading, such ultrafine particles 
10 (sized around 0.1 jam) should be designed using polymers able to be degraded in vivo. 
r=i Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet these requirements are 
:= contemplated for use in the present invention, and/or such particles may be easily made. 

3; \ In a preferred embodiment of the invention, the pharmaceutical composition may be 

O associated with a lipid. The pharmaceutical composition associated with a lipid may be 
ih.5 encapsulated in the aqueous interior of a liposome, interspersed within the lipid bilayer of a 

liposome, attached to a liposome via a linking molecule that is associated with both the 
^ liposome and the oligonucleotide, entrapped in a liposome, complexed with a liposome, 
|y dispersed in a solution containing a lipid, mixed with a lipid, combined with a lipid, 

contained as a suspension in a lipid, contained or complexed with a micelle, or otherwise 
20 associated with a lipid. The lipid or lipid/pharmaceutical composition associated 

compositions of the present invention are not limited to any particular structure in solution. 

For example, they may be present in a bilayer structure, as micelles, or with a "collapsed" 

structure. They may also simply be interspersed in a solution, possibly forming aggregates 

which are not uniform in either size or shape. 

25 Lipids are fatty substances which may be naturally occurring or synthetic lipids. For 

example, lipids include the fatty droplets that naturally occur in the cytoplasm as well as the 
class of compounds which are well known to those of skill in the art which contain 
long-chain aliphatic hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, 
amino alcohols, and aldehydes. 

30 Phospholipids may be used for preparing the liposomes according to the present 

invention and may carry a net positive, negative, or neutral charge. Diacetyl phosphate can 
be employed to confer a negative charge on the liposomes, and stearylamine can be used to 



25033179.1 



39 



U.S. EXPRESS MAIL#EK102703101US 



confer a positive charge on the liposomes. The liposomes can be made of one or more 
phospholipids. 

A neutrally charged lipid can comprise a lipid with no charge, a substantially 
uncharged lipid, or a lipid mixture with equal number of positive and negative charges. 
5 Suitable phospholipids include phosphatidyl cholines and others that are well known to those 
of skill in the art. 

Lipids suitable for use according to the present invention can be obtained from 
commercial sources. For example, dimyristyl phosphatidylcholine ("DMPC") can be 
obtained from Sigma Chemical Co., dicetyl phosphate ("DCP") is obtained from K & K 
10 Laboratories (Plainview, NY); cholesterol ("Choi") is obtained from Calbiochem-Behring; 
dimyristyl phosphatidylglycerol ("DMPG") and other lipids may be obtained from Avanti 
m Polar Lipids, Inc. (Birmingham, Ala.). Stock solutions of lipids in chloroform or 
m chloroform/methanol can be stored at about -20°C. Preferably, chloroform is used as the 
;2 only solvent since it is more readily evaporated than methanol. 

1|5 Phospholipids from natural sources, such as egg or soybean phosphatidylcholine, 

^ brain phosphatidic acid, brain or plant phosphatidylinositol, heart cardiolipin and plant or 
-T bacterial phosphatidylethanolamine are preferably not used as the primary phosphatide, i.e., 
r - constituting 50% or more of the total phosphatide composition, because of the instability and 
leakiness of the resulting liposomes. 

20 "Liposome" is a generic term encompassing a variety of single and multilamellar lipid 

vehicles formed by the generation of enclosed lipid bilayers or aggregates. Liposomes may 
be characterized as having vesicular structures with a phospholipid bilayer membrane and an 
inner aqueous medium. Multilamellar liposomes have multiple lipid layers separated by 
aqueous medium. They form spontaneously when phospholipids are suspended in an excess 

25 of aqueous solution. The lipid components undergo self-rearrangement before the formation 
of closed structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh 
and Bachhawat, 1991). However, the present invention also encompasses compositions that 
have different structures in solution than the normal vesicular structure. For example, the 
lipids may assume a micellar structure or merely exist as nonuniform aggregates of lipid 

30 molecules. Also contemplated are lipofectamine-nucleic acid complexes. 

Phospholipids can form a variety of structures other than liposomes when dispersed in 
water, depending on the molar ratio of lipid to water. At low ratios the liposome is the 
preferred structure. The physical characteristics of liposomes depend on pH, ionic strength 
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and/or the presence of divalent cations. Liposomes can show low permeability to ionic 
and/or polar substances, but at elevated temperatures undergo a phase transition which 
markedly alters their permeability. The phase transition involves a change from a closely 
packed, ordered structure, known as the gel state, to a loosely packed, less-ordered structure, 
5 known as the fluid state. This occurs at a characteristic phase-transition temperature and/or 
results in an increase in permeability to ions, sugars and/or drugs. 

Liposomes interact with cells via four different mechanisms: Endocytosis by 
phagocytic cells of the reticuloendothelial system such as macrophages and/or neutrophils; 
adsorption to the cell surface, either by nonspecific weak hydrophobic and/or electrostatic 
10 forces, and/or by specific interactions with cell-surface components; fusion with the plasma 
,== cell membrane by insertion of the lipid bilayer of the liposome into the plasma membrane, 
: C with simultaneous release of liposomal contents into the cytoplasm; and/or by transfer of 
m liposomal lipids to cellular and/or subcellular membranes, and/or vice versa, without any 
■ff association of the liposome contents. Varying the liposome formulation can alter which 
fi.5 mechanism is operative, although more than one may operate at the same time. 

^ Liposome-mediated oligonucleotide delivery and expression of foreign DNA in vitro 

S has been very successful. Wong et al. (1980) demonstrated the feasibility of 
^ liposome-mediated delivery and expression of foreign DNA in cultured chick embryo, HeLa 
Q and hepatoma cells. Nicolau et al. (1987) accomplished successful liposome-mediated gene 
20 transfer in rats after intravenous injection. 

In certain embodiments of the invention, the lipid may be associated with a 
hemagglutinating virus (HVJ). This has been shown to facilitate fusion with the cell 
membrane and promote cell entry of liposome-encapsulated DNA (Kaneda et al, 1989). In 
other embodiments, the lipid may be complexed or employed in conjunction with nuclear 
25 non-histone chromosomal proteins (HMG-1) (Kato et al. , 1991). In yet further embodiments, 
the lipid may be complexed or employed in conjunction with both HVJ and HMG-1. In that 
such expression vectors have been successfully employed in transfer and expression of an 
oligonucleotide in vitro and in vivo, then they are applicable for the present invention. Where 
a bacterial promoter is employed in the DNA construct, it also will be desirable to include 
30 within the liposome an appropriate bacterial polymerase. 

Liposomes used according to the present invention can be made by different methods. 
The size of the liposomes varies depending on the method of synthesis. A liposome 
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suspended in an aqueous solution is generally in the shape of a spherical vesicle, having one 
or more concentric layers of lipid bilayer molecules. Each layer consists of a parallel array of 
molecules represented by the formula XY, wherein X is a hydrophilic moiety and Y is a 
hydrophobic moiety. In aqueous suspension, the concentric layers are arranged such that the 
5 hydrophilic moieties tend to remain in contact with an aqueous phase and the hydrophobic 
regions tend to self-associate. For example, when aqueous phases are present both within and 
without the liposome, the lipid molecules may form a bilayer, known as a lamella, of the 
arrangement XY-YX. Aggregates of lipids may form when the hydrophilic and hydrophobic 
parts of more than one lipid molecule become associated with each other. The size and shape 
10 of these aggregates will depend upon many different variables, such as the nature of the 
solvent and the presence of other compounds in the solution. 
:fl Liposomes within the scope of the present invention can be prepared in accordance 

"-= with known laboratory techniques. In one preferred embodiment, liposomes are prepared by 
S mixing liposomal lipids, in a solvent in a container, e.g., a glass, pear-shaped flask. The 
M 5 container should have a volume ten-times greater than the volume of the expected suspension 
of liposomes. Using a rotary evaporator, the solvent is removed at approximately 40°C under 
!= negative pressure. The solvent normally is removed within about 5 min. to 2 hours, 
HJ depending on the desired volume of the liposomes. The composition can be dried further in a 
q desiccator under vacuum. The dried lipids generally are discarded after about 1 week 
= 1>0 because of a tendency to deteriorate with time. 

Dried lipids can be hydrated at approximately 25-50 mM phospholipid in sterile, 
pyrogen-free water by shaking until all the lipid film is resuspended. The aqueous liposomes 
can be then separated into aliquots, each placed in a vial, lyophilized and sealed under 
vacuum. 

25 In the alternative, liposomes can be prepared in accordance with other known 

laboratory procedures: the method of Bangham et al (1965), the contents of which are 
incorporated herein by reference; the method of Gregoriadis, as described in DRUG 
CARRIERS IN BIOLOGY AND MEDICINE, G. Gregoriadis ed. (1979) pp. 287-341, the 
contents of which are incorporated herein by reference; the method of Deamer and Uster 

30 (1983), the contents of which are incorporated by reference; and the reverse-phase 
evaporation method as described by Szoka and Papahadjopoulos (1978). The aforementioned 
methods differ in their respective abilities to entrap aqueous material and their respective 
aqueous space-to-lipid ratios. 
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The dried lipids or lyophilized liposomes prepared as described above may be 
dehydrated and reconstituted in a solution of inhibitory peptide and diluted to an appropriate 
concentration with an suitable solvent, e.g., DPBS. The mixture is then vigorously shaken in 
a vortex mixer. Unencapsulated nucleic acid is removed by centrifugation at 29,000 x g and 
5 the liposomal pellets washed. The washed liposomes are resuspended at an appropriate total 
phospholipid concentration, e.g., about 50-200 mM. The amount of nucleic acid 
encapsulated can be determined in accordance with standard methods. After determination of 
the amount of nucleic acid encapsulated in the liposome preparation, the liposomes may be 
diluted to appropriate concentrations and stored at 4°C until use. 
10 A pharmaceutical composition comprising the liposomes will usually include a sterile, 

pharmaceutically acceptable carrier or diluent, such as water or saline solution. 

Gene Therapy Administration 

O For gene therapy, a skilled artisan would be cognizant that the vector to be utilized 

=£15 must contain the gene of interest operatively limited to a promoter. For antisense gene 
jU therapy, the antisense sequence of the gene of interest would be operatively linked to a 
■f : promoter. One skilled in the art recognizes that in certain instances other sequences such as a 
ilj 3' UTR regulatory sequences are useful in expressing the gene of interest. Where 
^ appropriate, the gene therapy vectors can be formulated into preparations in solid, semisolid, 
20 liquid or gaseous forms in the ways known in the art for their respective route of 
administration. Means known in the art can be utilized to prevent release and absorption of 
the composition until it reaches the target organ or to ensure timed-release of the 
composition. A pharmaceutically acceptable form should be employed which does not 
ineffectuate the compositions of the present invention. In pharmaceutical dosage forms, the 
25 compositions can be used alone or in appropriate association, as well as in combination, with 
other pharmaceutically active compounds. A sufficient amount of vector containing the 
therapeutic nucleic acid sequence must be administered to provide a pharmacologically 
effective dose of the gene product. 

One skilled in the art recognizes that different methods of delivery may be utilized to 
30 administer a vector into a cell. Examples include: (1) methods utilizing physical means, 
such as electroporation (electricity), a gene gun (physical force) or applying large volumes of 
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a liquid (pressure); and (2) methods wherein said vector is complexed to another entity, such 
as a liposome or transporter molecule. 

Accordingly, the present invention provides a method of transferring a therapeutic 
gene to a host, which comprises administering the vector of the present invention, preferably 
5 as part of a composition, using any of the aforementioned routes of administration or 
alternative routes known to those skilled in the art and appropriate for a particular 
application. Effective gene transfer of a vector to a host cell in accordance with the present 
invention to a host cell can be monitored in terms of a therapeutic effect (e.g. alleviation of 
some symptom associated with the particular disease being treated) or, further, by evidence 
10 of the transferred gene or expression of the gene within the host (e.g., using the polymerase 
chain reaction in conjunction with sequencing, Northern or Southern hybridizations, or 
transcription assays to detect the nucleic acid in host cells, or using immunoblot analysis, 
antibody-mediated detection, mRNA or protein half-life studies, or particularized assays to 

S detect protein or polypeptide encoded by the transferred nucleic acid, or impacted in level or 

-3 5 function due to such transfer). 

- These methods described herein are by no means all-inclusive, and further methods to 

ij] suit the specific application will be apparent to the ordinary skilled artisan. Moreover, the 
~1 effective amount of the compositions can be further approximated through analogy to 
O compounds known to exert the desired effect. 
20 Furthermore, the actual dose and schedule can vary depending on whether the 

compositions are administered in combination with other pharmaceutical compositions, or 
depending on interindividual differences in pharmacokinetics, drug disposition, and 
metabolism. Similarly, amounts can vary in in vitro applications depending on the particular 
cell line utilized (e.g., based on the number of vector receptors present on the cell surface, or 
25 the ability of the particular vector employed for gene transfer to replicate in that cell line). 
Furthermore, the amount of vector to be added per cell will likely vary with the length and 
stability of the therapeutic gene inserted in the vector, as well as also the nature of the 
sequence, and is particularly a parameter which needs to be determined empirically, and can 
be altered due to factors not inherent to the methods of the present invention (for instance, the 
30 cost associated with synthesis). One skilled in the art can easily make any necessary 
adjustments in accordance with the exigencies of the particular situation. 
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It is possible that cells containing the therapeutic gene may also contain a suicide gene 
(i.e., a gene which encodes a product that can be used to destroy the cell, such as herpes 
simplex virus thymidine kinase). In many gene therapy situations, it is desirable to be able to 
express a gene for therapeutic purposes in a host cell but also to have the capacity to destroy 
5 the host cell once the therapy is completed, becomes uncontrollable, or does not lead to a 
predictable or desirable result. Thus, expression of the therapeutic gene in a host cell can be 
driven by a promoter although the product of said suicide gene remains harmless in the 
absence of a prodrug. Once the therapy is complete or no longer desired or needed, 
administration of a prodrug causes the suicide gene product to become lethal to the cell. 
10 Examples of suicide gene/prodrug combinations which may be used are Herpes Simplex 
Virus-thymidine kinase (HSV-tk) and ganciclovir, acyclovir or FIAU; oxidoreductase and 
;S cycloheximide; cytosine deaminase and 5-fluorocytosine; thymidine kinase thymidilate 
:ff kinase (Tdk::Tmk) and AZT; and deoxycytidine kinase and cytosine arabinoside. 

:^ The method of cell therapy may be employed by methods known in the art wherein a 

=H5 cultured cell containing a non-defective copy of a gene encoding a NEMO amino acid is 
introduced. 

|H In a specific embodiment the transfection of nucleic acid is facilitated by a transport 

protein, as described in Subramanian, et al., 1999. Briefly, a peptide MOis chemically bound 

H to a cationic peptide as a carrier molecule. The cationic complex binds the negatively 
20 charged nucleic acid of interest, followed by binding of M9 to a nuclear transport protein, 
such as transportin. 

In another embodiment, biologically active molecules, such as vectors for gene 
therapy, are incorporated in a large hydration domain between "pinched" regions of a lipid- 
poly-L-glutamic acid (PGA) complex, where the PGA and the cationic lipid didodecyl 
25 dimethylammonium bromide assotiate to form localized pinched regions, for delivery 
applications (Subramaniam, et al., 2000). 

In an alternative embodiment, an amino acid sequence is engineered to accumulate as 
an aggregate in the endoplasmic reticulum, followed by administration of a composition to 
induce protein disaggregation, resulting in rapid and transient secretion (Rivera et al., 2000). 

30 One skilled in the art is taught by the present invention that methods to screen for 

mutations in a NF-kB Essential Modulator amino acid sequence of SEQ ID NO:2 in an NF- 
kB related medical condition and methods to treat said medical condition may be appropriate 
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regardless of whether the consequences of the mutation are direct or indirect. That is, the 
mutation may produce a phenotype which is a direct cause of the disease or the mutation may 
indirectly affect a disease state through a secondary gene or gene product. In either case, the 
methods to screen and the methods to treat as claimed are applicable. 

5 In a specific embodiment the gene therapy administration occurs prenatally, 

immediately postnatally or postnatally. 

A peptide (1 1 amino acids) derived from HIV has been recently described that when 
fused to full length proteins and injected into mice allow a rapid dispersal to the nucleus of all 
cells of the body (Schwarze et al., 1999). Schwarze et al. made fusion proteins to Tat ranging 
10 in size from 15 to 120 kDa. They documented a rapid uptake of the fusion proteins to the 
Q nuclei of cells throughout the animal, and the functional activity of said proteins was retained. 

ffl In an embodiment of the present invention there are constructs containing the Tat or 

ui Tat-HA nucleic acid sequence operatively linked to a NEMO nucleic acid sequence. The 

? !f vectors are expressed in bacterial cultures and the fusion protein is purified. This purified 

€15 Tat-NEMO protein or Tat-NEMO protein is injected into animal to determine the efficiency 

r i of the Tat delivery system into the site of inflammation, the joints, or by means to deliver the 

!; ! fusion protein systemically. Analysis is carried out to determine the potential of the Tat- 

!lj NEMO protein in reduction of inflammation or alleviation of any arthritis symptom. This is a 

~l1 viable therapeutic approach either in its own right or in association with other methods, 

20 treatments or genes. 

The following examples are offered by way of example and are not intended to limit 
the scope of the invention in any manner. 

25 

EXAMPLE 1 

Analysis of cDNA from fibroblast lines indicates that mutations in NEMO cause IP 

The extreme skewing of X-inactivation observed for the majority of IP cases has 
30 implications for screening of candidate genes. cDNA prepared from IP females will not 
contain the mutated allele of the disease locus and therefore candidate gene screening is most 
often performed by PCR of genomic DNA. To expedite screening of NEMO, therefore, two 
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approaches were employed simultaneously; a) generation and sequencing of cDNA from rare 
male and female fibroblast lines that express only the mutated X-chromosome; and b) 
resolution of the NEMO genomic structure for screening of individual exons. 

Reverse transcriptase polymerase chain reaction (RT-PCR) from mRNAs derived 
5 from skin fibroblasts of four affected fetuses (D, K IP85 and G) was conducted with NEMO- 
specific primers (Fig. 1A). Male samples D and IP85m as well as female sample K express 
only a mutated (IP) X chromosome. Affected female G expresses both X's. RNAs extracted 
from adult and fetus skin fibroblasts were used as controls (CI and C2). Amplification 
between primers mapping to NEMO exons 2 and 3 (exon organization as described below in 
10 Fig. 2) for fetuses K, D, G (Fig. 1A, IB, 1C) produced an RT-PCR product corresponding to 
m the 5' end of the NEMO cDNA. [The positions of PCR products relative to NEMO exons are 
shown at the top of the figure. Amplification is from fetal cDNA samples G, K and D, cDNA 
?. from healthy donors (CI and C2) and control DNA (Dl and D2). PCR of filamin cDNA 
% from all samples acted as a control for RNA integrity. Primer sequences are in Example 9.] 

M5 Amplification from genomic DNA gave larger PCR products (Fig. 1), indicating that 

;L results obtained by RT-PCR were not due to the presence of a pseudogene or of 
ll\ contaminating DNA. However, amplification between exon 2 and exon 4 produced the 
5=11 predicted fragment from fetus G and from control RNAs, but no product from fetuses D or K. 
P Similar results were obtained with additional primers. Amplification of filamin A cDNA was 
20 used as a control for the integrity of the fetal mRNAs. These results suggest that a large 3' 
part of the NEMO cDNA is deleted in fetuses K and D. This observation could not be 
explained by loss of individual exons, since amplification of all 10 coding exons from these 
samples was achieved. The results suggest a mutation that disturbs mRNA production 
between primers R4 and Rl located in exons 3 and 4 respectively. 
25 In a fourth sample from an affected male (IP85m) RT-PCR across the entire coding 

region of NEMO was successful, and the products were completely sequenced. An A to T 
change (base no. 1259) within the stop codon of the mature message was the only change 
detected. This would result in the putative addition of 27 novel residues to the carboxyl 
terminus of the NEMO protein. Examination of the relevant region of genomic DNA (exon 
30 10) from the family IP 8 5 revealed that the male proband's affected mother is heterozygous 
for the change while her unaffected mother and father are wild type. The mutation has 
therefore appeared de novo with the disease in this family and is therefore likely to be the 
underlying cause of the condition. 



25033179.1 



47 



U.S. EXPRESS MAIL #EK102703101US 



To determine the cause of abnormal RT-PCR in cases K and D and the spectrum of 
mutations in additional IP families, the complete sequence of the NEMO locus was 
determined (Fig. 2A). Figures 2B and 2C represent diagramatically the restriction map and 
characteristics of the NEMO gene and primers described herein. The 23 kb gene contains 10 
5 exons with three alternative first exons (la, lb and lc, and Table 1). As previously reported 
(Jin and Jeang, 1 999), the NEMO gene partially overlaps the G6PD gene and is transcribed in 
the opposite direction. In Figure 2 non-coding (open boxes) and coding exons (filled boxes) 
are shown. Three alternative first exons numbered la, lb and lc are found spliced to exon 2. 
The positions of intragenic mutations, a common polymorphism, and restriction fragments 

10 seen on Southerns are depicted. The relationship of coding exons 2-10 to the two coiled-coil 
(CC1 and CC2), leucine zipper (LZ) and zinc finger (ZF) motifs of NEMO secondary 

S structure is illustrated. Inset box : the orientation of NEMO to factor VIII, G6PD and the 

L f Xq28 telomere (not to scale) with arrows in a 5' to 3' direction. 



~1 5 Table 1 . Intron-exon structure of the human NEMO gene 



Intron Size (bp) Donor Acceptor 



q la 52 63 GTCCCATCAGgtggggaaag gaagggcgacCGCGAAACTG 

H20 ( SEQ ID NO:4) (SEQ ID NO:5) 

lb 17 4 CTGCTGACAGgtgtggtcct acttgggcggCGAGCTGGAC 

(SEQ ID NO:6) (SEQ ID NO:7) 

lc 3889 TGGCAGCTAGgtatctgatt tctctttcagCCCTTGCCCT 

(SEQ ID NO:8) (SEQ ID NO:9) 

25 2 3981 GAGCTCCGAGgtgaggaaag ctgccaccagATGCCATCCG 

(SEQ ID NO:10) (SEQ ID NO:ll) 

3 2155 ATGCCAGCAGgtagtcgggg tatcctgcagCAGATGGCTG 

(SEQ ID NO:12) (SEQ ID NO:13) 

4 1757 TGGAGGGTCGgtgagtcggg cccgtgccagGGCCCGGGCG 
30 (SEQ ID NO:14) (SEQ ID NO:15) 

5 1128 CGGAGGAGAAgt gag t cage cttt cctcagGAGGAAGCTG 

( SEQ ID NO:16) ( SEQ ID NO:17) 

6 1023 GCGGAAGCGAgtgagtgcga ccgtccttagGGAATGCAGC 

(SEQ ID NO:18) (SEQ ID NO:19) 

35 7 607 GAAGGCCCAGgtgagggccc gatttgccagGCGGATATCT 
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( SEQ ID NO:20) (SEQ ID N0:21) 

8 257 AGTCGGCCAGgtgggcctct gttttcaaagGATCGAGGAC 

(SEQ ID NO:22) (SEQ ID NO:23) 

9 298 CCCGCCCCTGgtgagtgagc cttttcccagCCTACCTCTC 
5 (SEQ ID NO:24) (SEQ ID NO:25) 



EXAMPLE 2 

Small mutations in NEMO account for a minority of IP cases 

The entire coding sequence of NEMO was amplified by PCR of exons 1 through 9 
and the coding portion of exon 10 in 30 classically-affected unrelated IP patients (see Table 2 
for primer sequences). Amplification products were screened for mutations by SSCP, 
heteroduplex analysis, or direct sequencing. Only 4 additional changes from the reported 
sequence were found (Fig 2). A lObp insertion in exon 2 in family XL349 was found in both 
an IP proband and her affected mother but not in unaffected sibs (Fig 3A). The insertion is 
an exact duplication of the previous 10 nucleotides and shifts the reading frame of the protein 
to add 8 novel amino acids after residue 43. IP 10 does not show these bands for either 
enzyme. A female in family IP64 also has a novel 14kb band that is not found to segregate 
with disease. For Hind III a doublet of bands at 12kb is seen instead of the expected single 
band in addition bands corresponding to exons 7-10 (faint 8kb band). 

Table 2 Primers and conditions for PCR amplification of individual exons 

Exon Length (bp) Forward primer (5' -3') Reverse primer (5 '-3') Product Size (bp) 

la 125 GGA AGT CAG CCC AGA AAT GT GTA CTT ACT GCC CCC TTC CA 302 

(SEQ ID NO:26) (SEQ ID NO:27) 

lb 95 GGG CGG GGC TTG TGT TTT TA AGA AGC GCG GAG CAG GAA CG 2 97 

(SEQ ID NO:28) (SEQ ID NO:29) 

lc 170 TTC CTG CTC CGC GCT TCT GG CCA GGA GAG CCC ATT CAT TC 334 

(SEQ ID NO:30) (SEQ ID NO:31) 

2 202 TCT GCT GGG TAA GGA TGT GG TCT GCA GGT GGG GAG AAG AC 321 

( SEQ ID NO:32) (SEQ ID NO:33) 

3 212 CCC AGC TCC CCT CCA CTG TC CAC CTG GCG TCA CTC GGC GGG T 2 96 

(SEQ ID NO:34) (SEQ ID NO:35) 

4 119 CAG TGC TGA CAG GAA GTG GC AAC CCT GGA AGG GGT CTC CGG AG 194 

(SEQ ID NO:36) (SEQ ID NO:37) 

5 153 CAT CAG CTC GCA GTC ACA GG CCG ACA CTT CTC AGC CTT TC 351 
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(SEQ ID NO:38) {SEQ ID NO:39) 

AAG GGG GTA GAG TTG GAA GC AGG CAR GTC TAA GGC AGG TC 

(SEQ ID NO:40) (SEQ ID N0:41) 

GCC ACT CTT TCA TCC TTC TC TG GGC AAC AAG AGC AAA AC 

(SEQ ID NO: 42) ( SEQ ID NO: 43) 

TGC CTG GTG GGT GGC TGG CTT CAG TGT CGC ACC CAC TGC TCA 

(SEQ ID NO:44) (SEQ ID NO:45) 

GCT GCT TTG ACA CTA GTC CA CAG AGA GCA ACA GGA AGG TC 

(SEQ ID NO: 46) (SEQ ID NO: 47) 

CGG CGG CTC CTG GTC TTA CA GCC ACC CAG CCC TTC ATC CT 

(SEQ ID NO: 48) (SEQ ID NO: 49) 



O A second insertion in exon 9 of a single C within a run of cytosines was found to 

ffl 5 segregate with the disease in family XL203 (Fig. 3B). This frameshift mutation would be 
;'i predicted to append 23 novel amino acids onto proline residue 370 of the translated protein. 
Q Segregation in family 39 is also shown. A male sample from family IP1 carrying the 
=13 rearrangement still retains wild-type Eco RI bands although the smaller of the doublet Hind 
!=! Ill bands has disappeared. In Fig. 3B, C refers to control female DNA. 

SiO A missense transition (A/G) in exon 10 that putatively changes a methionine to a 

W valine in the C-terminus of the NEMO protein (M407V) was found in an affected female 
U from family 72. SSCP analysis showed that this relatively conservative change segregates 
with the disease in the extended pedigree and cannot be detected in 50 control female 
samples. The schematic shows 12 PCR reactions conducted in patient (IP) versus control (N) 
25 samples and the gel shows the products. Ticks denote successful amplification in IPlm, 
whereas, crosses denote lack of amplification. 

Finally, a C to T (C184T) proline to STOP codon mutation, found in exon 2 in family 
XL352, predicts a truncated protein consisting of the amino terminal 62 amino acids of 
NEMO (Fig. 3D). Notably, amplification and sequencing of all coding exons failed to detect 
30 any mutation in fetuses K and D. In addition to potentially pathogenic changes, a 
polymorphism in exon lc in the 5' untranslated region (-165 from exonlc and 5678 of the 
NEMO genomic sequence) changes a C to a G in 6/40 chromosomes. Amplification between 
exon 3 forward primer 3FH (SEQ ID NO:34) and a primer from the L2 repeat in the 
rearranged Eco RI fragment (JF3R; SEQ ID NO:35) gives a 2kb band only in IP samples 
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(lanes 1, 5, 6, 8, 14, 15-18) . A 13kb band is seen in control samples that do not have the 
rearrangement (lanes 2-4, 7, 9-13, 19, 20). 

Surprisingly, few additional mutations were detected by screening individual exons of 
NEMO in IP patients. Moreover, amplification and sequencing of all coding exons failed to 
5 detect any mutation in fetuses D and K that could explain the observed abnormality of 
mRNA structure. In view of the observation and the finding that 2/3 samples analysed by 
RT-PCR were found to have an abnormality disrupting mRNA structure, the possibility of 
genomic rearrangement was investigated by Southern blotting. 

EXAMPLE 3 

r 40 A recurrent genomic rearrangement is responsible for the majority of IP cases 

ffi Genomic DNA from IP patients and normal individuals were digested with Hind III 

fjj and Eco RI and hybridized to a probe representing the coding region of NEMO cDNA (SEQ 
7 % ID NO:3). Compared to control samples a novel Hind III band of 8 kb and a novel Eco RI 
"45 band of 2.8kb band was observed for 38/47 IP DNA samples (examples shown in Fig. 3A). 
O The novel fragments were concordant for the two enzymes in all cases and notably absent for 
S= the affected male IP 85m containing a mutation in the termination codon. The novel bands 
^ = segregated with disease in each pedigree analyzed. In two families an Eco RI band of about 
|== 14kb was observed in addition to the novel 2.8kb band (for example IP64, Fig. 3A) with a 
20 concomitant reduction in signal for the wild type 13kb band. This band did not segregate 
with disease in these families and is therefore a non-pathogenic variant. In Figure 4A 
cytoplasmic extracts derived from normal, G, K or D EFs were subject to Western blotting 
with antibodies directed against NEMO, IKK-1, IKK-2, p50, relA, IkBcc and LcBp. ANEMO 
indicates a putative truncated version of NEMO only found in patients K and D. 

25 To confirm that the novel bands are associated with the development of IP, two 

families with sporadic cases (IP44 and EP91) were analyzed. In both cases, the novel bands 
(8kb Hind III and 2.8 kb Eco RI) were found in the proband but not the parents and have 
therefore appeared de novo with the disease (Fig 3B). To determine whether the new band 
represented a deletion, hemizygous DNA from a male abortus, whose mother carries the 

30 rearrangement, was screened (IPlm). This male is from a 4-generation IP family (IP1; Jouet, 
1997) and has inherited the IP haplotype from his affected mother. NEMO exons la through 
10 could be amplified by PCR. Interestingly, when DNA from this male was analyzed by 
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Southern blot analysis, 13kb and 3.3kb wild type Eco RI bands as well as the novel 2.8kb 
band were seen (lane 12, Fig. 3B). Since only one X chromosome is present in this fetus, 
more than one sequence homology to the NEMO gene must be assumed. The presence of a 
doublet of hybridizing Hind III fragments at about 12 kb in all lanes implies at least part of 
5 NEMO is duplicated in wild type DNA. Complementary DNA probes encompassing coding 
sequences from exons 2 and 3 detected the novel IP-specific bands, but probes containing 
sequences from exons 4 through 10 did not. Furthermore, hybridization with single exons 
revealed that exon 3, but not exons 2 or 4, is present on the novel Eco RI fragment, whereas 
exons 2 and 3 but not 4 hybridize to the novel Hind III band. 

10 To investigate whether intronic sequences are involved in the rearrangement, DNA 

from the male abortus (IPlm) was used to amplify across NEMO introns. Amplification 
kQ across single introns (with forward and reverse primers flanking individual exons; Table 2) 
j= was successful for all introns. However, differences were found compared to controls if PCR 
^ reactions were anchored at exon 2 (Fig. 3C). In the affected male (IPlm), amplification was 
J3.5 possible from exon 2 to exon 3 but not from exon 2 to exons 4, or 5, or 6, or 7. Anchoring 
= the PCR reactions at exon 3 or 7 yielded wild type products for all combinations with the 
O same downstream exons (Fig. 3C). This is compatible with the existence of a putative second 
|1j copy of NEMO that contains exons 3-10 but not 1-2. This second copy must be highly 
5=2 homologous. Indeed, sequencing of long range PCR products obtained from IPlm revealed 
H>0 that copies of exon 3 in tandem with either exon 2 or exon 4 were identical in sequence to the 
wild type exon 3. Analysis of DNA from IP affected male fetus D yielded similar results to 
those obtained for IPlm for both long range PCR and Southern blotting indicating that the 
common rearrangement results in the production of aberrant NEMO mRNA. Taken together 
these data are consistent with a common rearrangement within intron 3. Exon 3 is apparently 
25 duplicated as it is present on a rearranged band as well as on wild type restriction fragments 
on a single haplotype. This interpretation is also indicated by long range PCR results linking 
exon 2-3 and 3-4 but not 2-4 on the mutated chromosome. 

This information was used in a strategy to isolate the boundary of rearrangement 
neighbouring exon three within the 2.8kb novel band. DNA from the male abortus (IPlm) 
30 was digested with Eco RI and ligated to pre-annealed adapter primers with Eco RI cohesive 
ends. Nested PCR between adapter primers and exon 3-specific forward primers yielded a 
product of about 1 .9kb that was completely sequenced. The fragment was found to extend 
from exon 3 into intron 3 for 1.8kb. The sequence then diverged from intron 3 identity after a 
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position equivalent to 15749 of the NEMO genomic sequence; a novel 104 base pairs were 
found between this boundary and the Eco RI site. Interestingly, the boundary between intron 
3 and this sequence coincides precisely with the end of a repeat of the MER67B family in 
intron 3 (for this purpose called boundary repeat 1). The 104bp B sequence which itself is 
5 homologous to an L2 repeat, was used to screen available sequence data from Xq28 BAC 
clones and found within a short sequence contig from BAC clone 211L10, the BAC clone 
that also houses the NEMO gene. 

To confirm that the novel sequence is associated with the rearranged 2.8kb Eco RI 
fragment, PCR between exon 3 and the novel boundary sequence was conducted on families 
10 with and without the common rearrangement found on Southern blots (Fig. 3D). The 
s=i resulting 2kb band is diagnostic for the rearrangement, occurring only in IP cases that have 
=£! been shown to have the altered band by Southern blotting and not in either controls or 
S unaffected parents of sporadic cases. This is a simple diagnostic PCR test for 80% of IP 
Jif cases. The presence of a 13kb band only in patients or controls without the rearrangement 
43 5 suggested that the natural site for the boundary sequence may be downstream of NEMO. End 
.~* sequencing of both this band and a 13kb Eco RI fragment housing exons 3-10 of NEMO from 
BAC clone 21 1L10 confirmed this to be the case. Furthermore, sequences identical MER678 
m of intron 3 were found juxtaposed to the 104 bp of L2 repeat sequence in the same orientation 
q as in the NEMO gene. Further PCR and sequencing between NEMO exons and sequence L2 
r "20 indicated that although 870 bp of intron 3 is repeated 3' of the NEMO gene there is no 
additional exon 3 within this fragment. 

The most common mutation in IP is therefore a complex rearrangement of the NEMO 
gene mediated by directly repeated sequences within intron 3 and 3' of exon 10 (Fig. 3E). 
Figure 3E illustrates a model for IP rearrangements. In addition to the bona fide NEMO gene 

25 (left hand side) a nEMO pseudogene lacking exons 1 and 2 is hypothesized (right hand side 
NEMO w). The chromosomal location relaive to NEMO is unknown. An 870 bp region of 
identity corresponding to a MER67B repeat (blue arrow) exists both in intron 3 and 3' to 
exon 10. An L2 repeat follows the 3' MER67B sequence at the downstream site (green box). 
Recombination between the regions of identity will delete exons 4 to 10 of NEMO. 

30 Diagnosti PCR between exon 3 and the L2 sequence yields a 2kb band in patients and a 13 kb 
ban in healthy controls. The translocation of sequences from this downstream region to 
intron 3 can explain the novel band sizes observed on Southern blots as Eco RI and Hind II 
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sites are found at appropriate positions 3'. A summary of mutations in NEMO described 
herein is illustrated in Figure 5. 

EXAMPLE 4 

5 Defective NF-kB activation in Incontinentia Pigmenti patients 

NEMO has been shown to play an essential role in the NF-kB activation process 
(Yamaoka, 1998). NF-kB homo- or heterodimers are sequestered in the cytoplasm through 
interaction with an inhibitory molecule of the IkB family. Upon cytokine stimulation, the 
10 IkB molecules are phosphorylated, polyubiquitinated and degraded through the ubiquitin- 
;]S proteasome pathway (Ghosh et al., 1998; Rothwarf and Karin, 1999). NF-kB is then free to 
i^f translocate to the nucleus and to activate its target genes. This phosphorylation event is 
:xj carried out by a high molecular weight, multiprotein, kinase complex containing two subunits 
p with kinase activity (IKKl/a and IKK2/b). The third known component of this IKK complex 
^5 is NEMO (Ikkg, IKKAP or Human Gene Nomenclature name: IKBKG) a 48 kDa protein 
Q with no apparent catalytic activity that directly interacts with the kinase subunits and is for 
J|j activation of the kinase complex in response to extracellular (or intracellular) stimuli: its 
jij absence results in a complete inhibition of NF-kB activation. 

; ~ It was therefore determined whether NF-kB activation was defective in IP patients. 

20 The analysis was carried out on primary embryonic fibroblasts (EFs) derived from patients G, 
K and D, with primary EFs derived from a healthy subject as a control. Cytoplasmic extracts 
from EFs were analyzed by Western blotting for the abundance of the three known subunits 
of IKK (IKK-1, IKK-2 and NEMO), the two major subunits of NF-kB (p50 and relA), and 
two IkB species (IkBa and (3) (Fig. 4A). As predicted from the genomic analysis reported 

25 above, no 48kD band corresponding to the NEMO molecule was detected in patients K and D 
EFs compared to controls. Interestingly for these patients, a low molecular weight band of 
approximately 15-20 kD was detected. Its size and immunoreactivity suggests that it may 
represent a truncated version of NEMO. Analysis of IKK-1, IKK-2, p50, and relA proteins 
levels did not reveal any significant differences between patients and controls. However, a 

30 substantial increase of IkBa and IkBP was seen in patients K and D EFs. Since the level of 
IkBs is under the control of NF-kB this observation suggested that the NF-kB system may be 
perturbed in IP patients. 
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Having established that full length NEMO was absent from patients K and D EFs, we 
looked for NF-kB activation in these cells with an electrophoretic mobility shift assay (Fig. 
4B). Upon TNF stimulation, two retarded complexes were observed with nuclear extracts 
prepared from normal and patient G EFs. A supershift experiment demonstrated that the 
5 upper complex was composed of both p50 and relA proteins, whereas the lower one was 
composed of p50 only (Fig. 4B). Importantly, induction of neither p50/relA nor p50/p50 
complex was observed with nuclear extracts derived from TNF-treated patients K and D EFs, 
indicating a complete defect in the NF-kB activation process. A similar observation was 
made with IL-1 instead of TNF. 

10 Since the translocation of NF-kB to the nucleus results from degradation of IkB, the 

□ fate of IkBoc in normal and IP EFs after treatment with TNF or IL-1 was also analyzed. 
X Whereas patient G and control EFs exhibited complete IkBcc disappearance after 40mn of 
W; TNF or IL-1 treatment, no such disappearance could be observed in patients K and D EFs 
O (Fig. 4C). EFs derived from normal, G, K or D patients were treated with TNFa(lOngAnl) 
for the indicated times (minutes) and cytoplasmic extracts were prepared and analysed, after 
L Western blotting, with anti-lKBa antibody. 

ji j In several cell types, including embryonic fibroblasts, NF-kB has been shown to play 

^ a protective role against TNF-induced apoptosis. For instance, EFs derived from p65 or IKK- 
y= 2 Knockout mice exhibit a high sensitivity to TNF. We therefore analyzed the TNF 
20 sensitivity of normal and IP EFs (Fig. 4D). In contrast to normal or patient G EFs, which 
were unaffected by TNF or TNF plus cycloheximide treatments, EFs derived from patients K 
and D were sensitive to TNF and this sensitivity was increased upon co-treatment with 
cycloheximide. EFs derived from normal, G, K or D patients were mock(C), TNFa(T) or 
TNFa plus Cycloheximide (T +CHX) -treated for 20h and the cell viability was determined 
25 through trypan blue exclusion. A duplicate experiment, out of two giving similar results, is 
shown. 

All these data demonstrate a lack of NF-kB activation in IP EFs, resulting from a 
defect at the level of the NEMO molecule. As a consequence, IP cells exhibit a high 
sensitivity to pro-apoptotic signals. 
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EXAMPLE 5 
Significance of the Loss of NF-kB Activation 



Two major conclusions can be drawn from the analysis of IP. First, the disorder is 
5 due to a defect in NF-kB activation associated with the absence of functional NEMO protein, 
and second, the majority of cases result from a novel rearrangement of the NEMO gene in 
Xq28. IP therefore joins a growing list of disorders caused by genomic rearrangement 
(Lupski, 1998). The mutational mechanism in IP involves direct LTR/MER repeats that are 
identical in sequence over a considerable distance (over 600 bp), an apparent requirement in 
10 many other examples. The rearrangement in IP may not conform to the simple model of 
either deletion or duplication resulting from illegitimate recombination between mis-aligned 
;= direct repeats and may involve either additional homologous NEMO sequences that have not 
S yet been defined or a complex mixture of recombination and gene conversion. Similarly 
yj complex events are involved in Hunter syndrome, another Xq28-linked disorder, where 
%5 localised recombination with a highly homologous putative pseudogene is involved 
*B (Bondeson, 1995; Timms, 1997; Lagerstedt, 1997). Although the complexity of the IP 
O rearrangement has not been unravelled fully, a diagnostic PCR for the rearranged 
Z \ chromosome has been developed. This has immense clinical value for a disorder with such 
™ variability in presentation and diagnostic uncertainty. Of the 9/47 IP patients found not to 
L20 have a rearrangement, 6 have been screened for intragenic changes and 4 found to have 
mutations. This finding finally dispels the idea that two major loci for IP exist on the X- 
chromosome, one in Xq28 determined by linkage analysis and one defined by translocation 
involving the short arm of the X (Gorski, 1993). A variety of hypotheses have been put 
forward to explain apparent anticipation in IP families. These include evolution of an 
25 unstable premutation such as a triplet repeat sequence (Traupe, 1994; Hatchwell, 1996). 
However, the nature of the rearrangement as detected by Southern blotting or PCR runs true 
in families, and no genomic differences have been detected between parents of sporadic cases 
healthy controls at the NEMO locus. Nevertheless, it is possible that an as-yet-undefined 
duplication or other genomic alteration predisposes to the full rearrangement in unaffected or 
30 mildly affected individuals. 

Genomic rearrangements often show a predilection for parent of origin. For example, 
homologous recombination between tandem repeats leading to de novo duplication in 
CMT1A occurs primarily during male gametogenesis (Lopes, 1997). Similarly repeat- 
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mediated inversion in 47% of cases of hemophilia A occurs almost exclusively in male germ 
cells (Rossiter, 1994). For IP, 2/3 of new mutations studied originate from fathers, in keeping 
with this paternal bias for genomic rearrangement (Parrish, 1996). The origin of mutation has 
been established for 12 of the patients with the rearrangement and 10 occurred during male 
5 gametogenesis. The bias towards male gametogenesis for the IP rearrangement implicates 
intrachromosomal interchange. 

Where genomic rearrangement is responsible for a disorder, it is important to 
establish whether one or more genes are implicated in the development of the phenotype. 
Herein it is shown that intragenic mutations can also give rise to IP. These segregate with the 
10 disease in families or have arisen de novo with the disease, indicating that defects in NEMO 
J== alone give rise to the disorder. 

Iff That NEMO activity is indeed ablated by the rearrangement has been shown for two 

W cell lines expressing this mutation. Can the pathology observed in IP male and female 
Q patients therefore be explained in terms of NEMO function? NEMO is a structural/regulatory 
/H.5 component of the IKK complex that also contains IKKa/1 and IKK(3/2 (Yamaoka, 1998; 
^ Courtois, 1997; Rothwarf, 1998; Mercurio, 1999). Ablation of NEMO activity results in the 
ijl inability of a cell to activate NF-kB in response to a series of stimuli (Courtois, 1997; 
fy Yamaoka, 1998). The NF-kB signalling pathway itself has been implicated in immune, 
!~: inflammatory, and apoptotic responses (for a review see Ghosh, 1998; Baldwin, 1996). 
20 Recently, the genes encoding the components of the IKK complex, including NEMO, have 
been inactivated by homologous recombination. Inactivation of IKK2 (which does not 
entirely abolish NF-kB activation, probably due to partial compensation by the IKK1 kinase 
subunit) resulted in embryonic death due to massive liver apoptosis at day 14 (Li, 1999; Li, 
1999; Tanaka, 1999) while that of NEMO (which apparently results in a complete block in 
25 NF-kB activation) resulted in death of the male embryos at day 12 with a similar phenotype 
(murine NEMO is also located on the X-chromosome). Apparently the females were normal. 
A similarly dramatic phenotype was observed when the gene encoding relA, the most 
ubiquitously expressed and most potent transcriptional activator of the NF-kB family, was 
inactivated : the mice died at embryonic day 15-16 from massive liver apoptosis (Beg, 1995). 
30 Interestingly this apoptosis is due to the pro-apoptotic effect of TNF, as demonstrated by the 
viability of mice carrying an inactivation of both the relA and the TNF genes (Doi, 1999). 
This observation is in keeping with the high sensitivity to TNF-induced apoptosis in cell lines 
derived from IP patients (Figure 5D). In both mice and humans, therefore, the complete 
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absence (or lack of activity) of NEMO results in early lethality of the affected males. Post 
mortem examination of a few human affected males has suggested the involvement of an 
abnormal immune response, as expected from a defect in NF-kB signalling. 

A prominent role for NF-kB in the apoptotic response also has a bearing on the 
5 phenotype in heterozygous females (Foo, 1999; Van Antwerp, 1996). If the NF-kB response 
is blocked by chemical means, B cells exhibit spontaneous apoptosis (Wu, 1996) while in 
other cell types, inhibition of NF-kB results in massive apoptosis in response to a series of 
stimuli, in particular TNF (Wang, 1996; Van Antwerp, 1996; Beg, 1996). Therefore, it is 
most likely that skewing of X-inactivation, at least in blood, results from progressive 
10 elimination, by apoptosis, of cells bearing mutated NEMO on the active X-chromosome. It is 
□ unclear at the moment why NEMO-deficient female mice do not exhibit a phenotype 
^ comparable to that seen in man. One possibility is that the mechanism of X-inactivation 
01 somehow differs between mice and humans or takes place at different times during 
q development. For example the lines of Blashko in mice are not as visible and precise as in 
"3.5 humans. Alternatively, compensation by non-affected cells might vary not only from one 
tissue to another, but also from one species to another. 

: ; Due to the effects of Lyonisation and the lack of phenotype in NEMO-/+ mice, it is 

!U more difficult to understand the multiple effects observed in affected females. However, 
[2 some interesting clues emerge from the results of targeting of other components of the NFKB 
20 pathway in mouse (Attar, 1997). The individual inactivation of 4 among the 5 known 
members of the NF-kB family results in more or less severe defects in the immune response: 
inactivation of the pl05/p50 subunit results in multifocal defects in immune responses 
involving B lymphocytes and nonspecific responses to infection (Sha, 1995). Inactivation of 
the c-rel subunit results in defects in lymphocyte proliferation, humoral immunity, and 
25 interleukin-2 expression (Kontgen, 1995). Inactivation of the pl00/p52 subunit results in 
defects in splenic microarchitecture and B cell-mediated immune responses (Caamano, 1998; 
Franzoso, 1998). More interestingly, mice devoid of both the pl05/p50 and the pl00/p52 
subunits fail to generate mature osteoclasts, causing severe osteopetrosis (Franzoso, 1997; 
Iotsova, 1997). This osteopetrotic phenotype could be rescued by bone marrow 
30 transplantation, indicating that the hematopoietic component was impaired. Osteoclasts are 
also essential for tooth eruption as they resorb the alveolar bone to form an eruption pathway 
. Osteopetrosis in mouse models is frequently associated with delayed or absent eruption, a 
prominent feature of the human, IP phenotype. 
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Another interesting hint comes from the analysis of mice carrying an inactivation of 
the IKK1 component of the complex that includes NEMO (Hu, 1999; Li, 1999; Takeda, 
1999). Inactivation of this kinase results in a completely unexpected phenotype: the resulting 
mice exhibit an almost intact activation of NF-kB by pro-inflammatory stimuli but show 
5 multiple defects in morphogenetic events, including limb and skeletal patterning and 
proliferation and differentiation of epidermal keratinocytes. Such an epidermal phenotype 
has also been observed with transgenic mice expressing a dominant negative version of IicBa 
under skin-specific promoter control (Seitz, 2000; van Hogerlinden, 1999; Seitz, 1998). At 
the skin level NF-kB appears to play a dual role: it controls cell growth in the stratified 
10 epithelium and regulates apoptosis. Defect in both pathways may explain the characteristic 
skin lesions observed in IP2. 
:jf Also reminiscent of the abnormalities observed in female IP patients, are the 

P deformed incisors as well as the lack of hair follicles in the IKK1-/- mice. 
O The phenotype observed for the only surviving male with a mutation in NEMO 

;.a5 (IP85m) provides a unique view of the consequences of impaired NF-kB function in man. 
r3 Severely compromised immune cell function, lack of teeth and osteopetrosis are all consistent 
5f ! with mouse models of defective NF-kB function. With respect to a clear defect in osteoclast 
S1J function, an intriguing comparison can be made between the phenotype in IP85m and that of 
Zl patients with familial expansile osteolysis (FEO, or familial Paget disease of bone, PDB). 
20 This is an autosomal dominant disorder characterised by focal areas of increased bone 
remodelling. In contrast to the current report, activating mutations in the gene for a positive 
activator of NF-kB function (RANK ) have been found to account for this disorder in two 
families (Hughes, 2000). Interestingly, IP85m also showed signs of capillary bed 
abnormalities, both in the skin and the gut, implying an unsuspected role for NF-kB in the 
25 maintenance of blood vessel architecture. 

The chromosomal rearrangement found in the majority of the patients would result in 
a truncated molecule carrying only the 144 N-terminal amino acids of NEMO (encoded by 
exons 1-3). This molecule may still interact with IKK-2 but is unlikely to respond to 
upstream signals (and may even behave as a dominant-negative molecule). It is interesting to 
30 correlate the localisation of the point mutations found in several IP patients in the NEMO 
coding region with the results of a structure-function analysis of the NEMO molecule. The 
mutation in family XL-349 results in a NEMO molecule consisting of only 61 N-terminal 
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amino acids. This short peptide could not interact with IKKs and is certainly inactive. The 
insertion that introduces a frameshift after amino acid 370 results in the replacement of the 
entire C-terminal Zinc finger domain by 23 unrelated amino acids. The deletion of this zinc 
finger domain results in a severe loss of function of the NEMO molecule in complementation 
5 assays. It will be interesting to determine whether the mutation that results in the replacement 
of Met 407 in the zinc finger region by a Val residue also results in a loss of function. An 
intriguing mutation is the one that effects the stop codon found in male patient IP85m who 
died at the age of 2 years. This mutation results in the putative addition of 27 amino acids at 
the C-terminus of the molecule; a likely explanation of this phenotype is that this mutation 
10 results in a partial loss of function of NEMO. Indeed addition of a heterologous protein 
sequence at the C-terminus of NEMO has been shown to result in an impaired activity of the 
% molecule, supporting this interpretation. Thus, with few exceptions, mutations causing IP 
S severely truncate the NEMO protein and result in loss of function. The survival of a male 
hi patient with a potentially less functionally-severe mutation raises the intriguing possibility 
%5 that missense mutations with only minor effect on NEMO function may cause a less morbid 
'"D phenotype in males and thus explain the spate of cases of males with an "IP-phenotype". 
O Furthermore, missense mutations in NEMO may contribute to a wide range of conditions 
§ related to IP such as immune deficiency, osteopetrosis, and other dental and ophfhalmological 
abnormalities. 

I= 20 Finally, further studies of a genetic disease caused by a defect in NF-kB activation 

will undoubtedly extend our understanding of the physiological role of this signalling cascade 
as well as of the molecular structure and function of the NEMO molecule. 



25 EXAMPLE 6 

Collection of families and preparation of samples 

Families with IP were ascertained through the Incontinentia Pigmenti Research 
program approved by the Institutional Review Board for Human Subject Research at Baylor 
30 College of Medicine (Houston, Texas) and by regional and national referrals with Ethical 
Committees' approval at the collaborating institutions. All affected females exhibited or 
manifested a history of perinatal blistering and at least one other stage of skin lesions, and 
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compatible dental, and/or eye, and/or CNS abnormalities reviewed by clinicians unaware of 
the molecular studies. 

EXAMPLE 7 

5 Fibroblast lines 

Primary fibroblast cultures were maintained in 199 medium with 10% FCS. Three 
lines expressing a mutant IP X-chromosome were available. The first line was derived from 
an affected female fetus (K) belonging to a three-generation IP2 family linked to Xq28. After 
10 the observation of generalized edema, the pregnancy was aborted spontaneously around 11- 
Q 12 weeks gestation. The skewed pattern of X-chromosomal inactivation in this fetus resulted 
IB in the expression of the maternal X-chromosome bearing the IP2 mutation only (Smahi et 
in; al.). The second line was derived from a male affected fetus (D) spontaneously aborted 
D around 10-11 weeks gestation. His mother only had faint pigmentation of the leg associated 
=ji5 with dental abnormalities. She had three spontaneous abortions of male fetuses and had a 
L skewed pattern of X-inactivation. The third line was derived from a medically interrupted 
111 affected female fetus (G), belonging to a large IP2 family linked to Xq28 region. A fourth 
ry line (IP85m) was established from the affected son of a classically affected female IP case. 
H The proband's mother exhibited an early rash and developed marked skin hyperpigmentation 
20 that persists into adulthood. She was diagnosed at 2 years old through skin biopsy and has a 
divergent squint, incomplete eruption and malformation of teeth, and skewed X-inactivation. 
Her son was born at term with multiple capillary hemangiomas after a normal pregnancy. He 
developed lymphedema of the lower limbs and failed to thrive due to poor food absorption. 
Despite a destructive red blood cell picture and recurrent infections due to poor immune cell 
25 function, he survived until age 2 and a half years, whereupon he succumbed to a tuberculosis 
infection. During his short life he had operations to remove his spleen and a gut stricture; 
biopsies revealed abnormal capillary beds in the gut, extrahepatic erythropoiesis, and 
osteopetrosis. His skin developed a reticular pigmentation consistent with inheritance of an 
IP mutation, and his cognitive development was normal. 

30 
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EXAMPLE 8 



DNA technology and mutation screening 

DNA was extracted from peripheral venous samples by a proteinase K/SDS 
5 treatment followed by phenol and chloroform extractions. DNA was extracted from cultures 
lymphoblasts, amniocytes, and CVS cells with standard protocols. Southern blots were 
conducted with neutral transfer onto Immobilon NY+(Millipore) and UV crosslinking. DNA 
probes were radiolabeled with 32 P and hybridised with methods recommended by Millipore. 
PCR amplification of individual NEMO/IKKgamma exons was conducted with Amplitaq 
10 gold and primers described in table X. Long range PCR was conducted with EXPAND™ 
long Template PCR System (Roche Molecular Biochemicals, Germany). DNA sequencing 
? = was conducted with BigDye terminator cycle sequencing (Perkin Elmer). SSCP and 
1$ heteroduplex analyses were conducted with previously described protocols (Jouet, 1994; 
M Alonso, 1 996; Nigro, 1 995). 

in EXAMPLE 9 

i y RNA isolation and RT-PCR 

20 Poly A+ RNA was isolated from fibroblast cultures with Ingenious Mini Message 

Maker (R& D Systems) and cDNA prepared with the AmpGold RNA PCR system (Perkin 
Elmer) and random primers. Primers used for amplification of NEMO cDNA: E2F(5'- 



30 



CCCTTGCCCTGTTGGATGAAT-3 ' ; 


SEQ 


ID 


NO:50), 


R(5'- 


CGTCCTCGGCAGGCAGTGGCC; 


SEQ 


ID 


NO:51), 


Fl(5'- 


GGCCACTGCCTGCCGAGGACG; 


SEQ 


ID 


NO:52), 


Rl(5'- 


ACCCTCC AGAGCCTGGC ATTG-3 ' ; 


SEQ 


ID 


NO:53), 


R2(5'- 


CATTCCTCGCTTCCGCTCACT-3'; 


SEQ 


ID 


NO:54), 


R4(5'- 


CTTCAGATCGAGCTTCTCGAG-3 ' ; 


SEQ 


ID 


NO:55), 


LZF(5'- 


GCGGACTTCCAGGCTGAGAGG-3 ' ; 


SEQ ID NO:56). 
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EXAMPLE 10 
Genomic sequencing of a BAC clone containing NEMO 

The entire cDNA of NEMO gene was contained within the BAC clone 211L10 from 
5 RPCI1 1 (human male BAC library). To obtain the genomic structure of the human NEMO 

gene, the complete sequence was determined by a combined strategy of sequencing the 

positive BAC clone as well as long range genomic PCR products. The BAC was grown in 

selective media. DNA was prepared by standard protocols and digested with Eco RI. 

Sequencing was carried out by shotgun sequencing of Ml 3 subclones. The BAC DNA was 
10 sonicated and the ends repaired with T4 DNA polymerase. Fragments of l-2kb were 

fractionated from the mixture by agarose gel electrophoresis and subcloned into M13mpl8 
•= vector prepared by digestion with Sma I. 550 Ml 3. 20 000 clones were transferred on to 
GO nitrocellulose filtres and hybridised with the human NEMO cDNA clone. 120 positive Ml 3 
ill clones were sequenced with Big-dye Terminator reactions on Applied Biosystems 373A and 
s 3l5 377 PRISM automated sequencers. Sequence tracts were assembled with Applied 
't* Biosystem's FACTURA™ and INHERIT™ programs. These programs simultaneously 
5 assemble the sequence files, give a profile of the status of the project, and provide a window 
111 with data traces properly aligned to facilitate the subsequent editing required to arrive at a 
J=q consensus sequence. Gaps were then closed by PCR primers to amplify the intervening 
t=^20 material. The exon-intron boundaries were readily identified from a comparison of the 

genomic and cDNA sequences and are given in Table 1 . 

The human genomic sequence is listed under accession number AJ271718. The 

cDNA sequence is listed under AF091453. 

25 EXAMPLE 11 

Adapter PCR isolation of the intron 3 rearrangement boundary 

DNA from a male abortus with an IP haplotype and NEMO rearrangement from 
family IP1 (Jouet et al) was digested with Eco RI and purified by ethanol precipitation. 750 
30 pmoles of Adapter primers Eco adaptl (5'- 

CTAATACGACTC ACTATAGGGCTCGAGCAGCCTCCGAGGGCAG-3 ' ; SEQ ID 
NO:57) and Eco adapt2 (5'-P-AATTCTGCCCTCGGAG-3'; SEQ ID NO:58) were pre- 
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annealed by denaturing in 30ul buffer (5mM Tris pH 7.4, 50mM MgC12). 12ng of genomic 
DNA was ligated to a 250 fold molar excess of pre-annealed adapter primers in a lOul 
ligation reaction with T4 DNA ligase and manufacturers buffer (NEB). Primers API (5'- 
CC ATCCTAAT ACGACTCACT ATAGGGC-3 ' ; SEQ ID NO:59) and exon 3 forward primer 
3F (SEQ ID NO:34) were used in a primary PCR reaction with the EXPAND™ long 
Template PCR System (Roche Molecular Biochemicals, Germany) with no specific product. 
A nested reaction with adapter primer AP2 (5'-TCACTATAGGGCTCGAGCAGC-3 '; SEQ 
ID NO: 60) combined with a primer F3 from within exon 3 (5'- 
CGGCAGAGCAACC AGATTCTGC-3 ' ; SEQ ID NO:) yielded a single 2kb fragment. 



EXAMPLE 12 

Investigating NF-kB function in IP fibroblast lines 

Recombinant human interleukin-la was derived from Biogen (Geneva, Switzerland). 

Recombinant human TNFcc was from PreproTech (Rocky Hill, NJ, USA). Cycloheximide 
was supplied by Sigma (St-Louis, MO, USA). 



jj EXAMPLE 13 

I Antisera 

The following rabbit antisera were used : anti-NEMO (Yamaoka, 1998) anti-p50 1 141 

20 and anti-relA 1226 (Rice, 1992), anti-IicBp 30715 (Weil, 1997). Purified polyclonal antibody 
directed against IKK-2 and IkBcc were obtained from Santa Cruz (Santa Cruz, CA, USA). 
IKK-1 monoclonal antibody was from Pharmingen (San Diego, CA, USA). 



EXAMPLE 14 

25 Preparation of cell extracts and Western blot analysis 

Cytoplasmic extracts were prepared as described elsewhere (Courtois et al., ). They 

were fractionated on sodium dodecyl sulfate- 10% polyacrylamide gel and transfered to 
Immobilon (Millipore, Bedford,MA, USA) membranes. After blocking in 3% milk-PBS, 
membranes were treated as described (Courtois, 1997) and revealed with the Supersignal 
30 detection system from Pierce (Rockford, IL, USA). 
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EXAMPLE 15 

Electrophoretic mobility shift assays 

Nuclear extracts were prepared and analysed as described (Courtois, 1997) with a 

32P-labeled MHC-1 probe. For supershifting experiments, extracts were preincubated for 20 
5 mn at room temperature with 1 ul of antiserum. 



EXAMPLE 16 
Cytotoxicity assays 

Cells were treated for 20h, in complete growth medium, with 20 ng/ml TNFa or 20 
10 ng/ml TNFa plus 300 ng/ml cycloheximide. Viability of cells was estimated by trypan blue 
t exclusion. 
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One skilled in the art readily appreciates that the present invention is well adapted to 
carry out the objectives and obtain the ends and advantages mentioned as well as those 
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inherent therein. Sequences, mutations, complexes, methods, treatments, pharmaceutical 
compositions, compounds, kits, procedures and techniques described herein are presently 
representative of the preferred embodiments and are intended to be exemplary and are not 
intended as limitations of the scope. Changes therein and other uses will occur to those 
skilled in the art which are encompassed within the spirit of the invention or defined by the 
scope of the pending claims. 
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